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Executive Summary

The thermal integrity test has proven to be an effective method to evaluate the integrity of newly
constructed drilled shafts (i.e. identifying anomalies, rebar cage alignment, concrete cover, etc.).
However, very few auger-cast piles have been tested with this method as standard integrity access
tubes are not typically installed. It was the goal of this research to explore the use of the thermal
integrity technology for auger-cast piles. The research was performed in two phases: in the first
phase, various instrumentation and analysis methods were explored, field data was collected, new
equipment options were scrutinized and numerical modeling was used to show areas of strength or
weakness.

This study was the second in the two-part research program focused on assessing the feasibility of
using thermal integrity profiling for ACIP piles. This was made possible by coordinating with the
Deep Foundations Institute ACIP pile project to demonstration the strength of the piles in various
loading conditions (i.e. tension, compression and lateral loads). In all, seven test piles were equipped
with thermal integrity assessment devices. Both probe and thermal wire systems were used to collect
data over an extended period of time, thereby providing a means to compare instrumentation
methods, schemes and analysis techniques. One of the seven piles was extracted to assess the validity
of on-site inspection methods which was also used as a control for the thermal analysis comparison.

Results from thermal integrity profiling of ACIP piles showed promising capabilities to test the as-
built piles. Analysis methods that were hypothesized in the original study were vetted and showed
good agreement with the true pile size and shape. These methods were furthered to refine and
minimize errors associated with simplistic linearization of the inverse hyperbolic tangent
relationships.

Both probe and wire systems were shown to provide the same data, however, wire systems have the
distinct advantage of reducing cage/reinforcement congestion. PVC access tubes were also shown to
be better for small volumes of grout that can be vulnerable to heat sinking with steel tubes.

Like most new developments and the additional information provided for the contractor, thermal
profiling has shown that centered single bar reinforcement are central to TIP effectiveness and that
tighter spacing would be beneficial. The shape of the pile predicted by thermal evaluation mimicked
the actual pile closely but grout volume determination is a weak link in the entire quality assurance
program.
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Chapter One: Introduction
1.1 Background

Auger-cast piles (sometimes called auger-cast-in-place, ACIP piles) are a subset of the larger
category of deep foundation elements known as bored piles. In the U.S., bored piles also include
drilled shafts. As the name implies, bored pile construction involves drilling a deep cylindrical
hole in the ground and installing a fluid concrete or grout within the walls of the excavation
wherein the walls are the “formwork.” The dimensions of the as-built element are essentially
defined by the shape taken-on after drilling and the application of hydrostatic pressure from the
fluid concrete or grout on to the excavation walls.

Although similar at first glance, ACIP piles differ from drilled shafts both in construction
processes and design capacity. Drilled shaft construction provides lateral stability to an open
excavation via hydrostatic slurry pressure or mechanical bracing from a casing. Therein, the soil
is methodically removed using repeated grabs, bites or scoops with a relatively short drill tool
(usually only 2 or 3 flights). ACIP piles differ in that no slurry or casing is required to hold open
the excavation; rather a continuous flight auger is used which maintains the stability and volume
of the excavation via the soil that fills the auger flights. The sidewalls therefore push against the
soil filled auger and are not free to collapse inward. The length of auger must extend to the
deepest required tip elevation.

The net result of the significantly different auger configuration is that grout is pumped directly to
the base of the excavation through the stem of the ACIP auger whereas drilled shafts place
concrete through a separate and dedicated tremie pipe. Note that grout differs from concrete as it
has no coarse aggregate and is easily pumped through smaller lines (e.g. drill stem). During
grouting, the ACIP auger is extracted slowly enough such that the grout pumping rate can fill the
entire theoretical volume plus a small over pour percentage. However, if the volume of the soil-
laden auger is extracted faster than the inflowing grout it will result in a net negative pressure
that will pull the soil walls in below the tip of the auger. As the auger tip reaches the surface it
becomes more difficult to sustain grout pressure and often the contractor stops pump to reduce
waste and cleanup. This causes severe necks in the cross section and is a primary fear from using
ACIP piles. Further, the most common configurations use a single central bar to minimal
reinforcing cages which have traditionally been too small to equip with integrity access tubes.
This has made post-construction integrity evaluation limited.

The thermal integrity test has proven to be an effective method to evaluate the integrity of newly
constructed drilled shafts (i.e. identifying anomalies, rebar cage alignment, concrete cover, etc.).
However, very few auger-cast piles have been tested with this method as standard integrity
access tubes are not typically installed. The disadvantage of auger-cast piles relative to piles or
drilled shafts is that the final, as-built configuration of these foundation units is unknown. As
such, their FDOT use has been limited to foundations for sound walls. If an improved quality
assessment tool is developed to ascertain the final, as-built configuration (size, depth, diameter,
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concrete cover, etc.) of auger-cast piles, their use in other applications can be reevaluated. It is
the goal of this research to explore the use of the thermal integrity technology for auger-cast
piles.

This report is the second of two in a two-part program to evaluate the effectiveness of thermal
integrity profiling applications in auger-cast-in place piles. The first phase (BDV25 977-09,
Thermal Integrity Profiling for Augered Cast-In-Place Piles) followed a traditional research
approach including: (1) a literature review of thermal integrity profiling and heat of hydration
concepts, (2) numerical modeling, (3) feasibility of wheel-less gyroscopic inclination
measurements for thermal probe systems, (4) field testing and (5) reporting.

1.2 Organization of the Report

This second-phase study entailed three basic tasks: thermal instrumentation and testing of several
full scale piles, evaluation of the field collected data, and reporting. These tasks are fully
discussed in the ensuing chapters: Chapter 2 and Chapter 3 cover the first two tasks, respectively;
Chapter 4 provides an overview, discusses the pros and cons of the various analysis algorithms
and includes recommendations.



Chapter Two: Instrumentation and Field Testing

Implementation of the recently concluded research project (BDV25 977-09) findings was
conducted in cooperation with a DFI study entitled “Verification of Installation and
Performance of ACIP Piles.” The overall scope of that study was multifaceted incorporating
axial compression, pullout / tension, and lateral load tests as well as forms of verification testing.
While verification can include a wide range of destructive and non-destructive test (NDT)
methods, this program included on-board computer installation monitoring systems, manual
monitoring and field inspection, load testing and extraction of one of the installed piles (not used
in load testing). NDT in the form of thermal integrity evaluation of all test piles formed the focus
of this implementation plan.

2.1 Overview of DFI Study

The DFI study was planned to incorporate eighteen (18) augercast piles of various sizes of which
seven (7) were slated for some form of testing. Figure 1 shows a plan view of the proposed pile
layout at the test site in Okahumpka, Florida.

O - @) O O
0.0 c1 T L1
0.0 O @ O
. . c2 . T2 . L2
@ O @
© @) O
LEGEND

C1/C2 :18-in/ 24-in compression pile
N T1/7T2:18-in / 24-in tension pile

—— L1/L2:18-n/24-In lateral pile
E1 : 18-in Extraction pile

(O : 18-in relief holes
Figure 2.1 DFI augercast test pile layout (original DFI Transmittal, 2015).

The remaining piles (shown in lighter grey) were reaction piles for the load frame(s) required to
apply the axial or lateral loads. As shown, two piles were compression tests (C), two tension tests
(T), two lateral load tests (L) and one was planned installed for the express purpose of being
extracted (E). The extracted pile was to serve as a direct verification of the on-the-fly computer
monitoring system which showed how much grout was placed at what depth and in that way
made a prediction of the pile shape. This pile also served as the primary calibration tool for the
thermal analysis options discussed as a result of the previous research project (discussed in
Chapters 3 and 4).



2.2 Approach

A combination of thermal integrity methods were employed to evaluate the seven test piles. This
allowed for a comparative analysis of results to assess the pros and cons of particular methods
specific to their use in ACIP piles.

Reinforcement: Combinations of probe and wire methods were used in conjunction with both
center bar and cage measurements. However, inherent with each load test type is a required (or
preferred) reinforcement scheme. Tension tests required sufficient steel to resist up to 400-
500kips of anticipated load. This translated into a single 100ksi threaded bar 3in in diameter.
Compression load tests rely very little on the reinforcing scheme so more modest reinforcement
schemes were used. The lateral load tests, by the nature of bending capacity performance (i.e.
compression block vs. distance to tension steel), required a reinforcing cage sufficient to develop
bending capacity without cracking at lower service load levels.

For the purpose of this implementation program, single bar reinforcing schemes were coupled
with cage location measurements to compare the output results of each (and associated analysis
algorithms). Comparisons of single wire versus four wire measurements were incorporated in
five of the test piles. The extracted shaft incorporated a full cage with a center bar both of which
extended full depth so that all analysis methods could be applied.

2.3 Soil Investigation

Prior to the onset of the instrumentation, construction and testing, subsurface site investigations
were performed by the DFI team and showed loose soil conditions at depths below 55ft. Figures
2.2 and 2.3 show a CPT sounding and SPT boring log, respectively. Complete details are
included in Appendix E (the preliminary DFI report).
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Figure 2.3 SPT boring log data for DFI test site.
Based on the findings of the site investigation and logistics, the test program was re-oriented 90

degrees counterclockwise as shown in Figure 2.4 and the final pile size and reinforcement
scheme was established as shown in Table 2.1.
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Table 2.1 Test pile dimensions, reinforcement, and TIP instrumentation.

: Cage Full TIP Wires
pile | Diameter | Length |~ . | Length | Access : TIP
(in) (o) (ﬁ% Center | Tubes | Partial | Full | prope

Bar Length | Length
3”

. 1 0 40| threaded B 4 1 No
3”

I 10 *0 - threaded ” - 1 No

Cl 18 60 35 #11 - 2 1 No

L1 18 40 35 #11 ~ 4 1 NG
3’1

i > %0 - threaded ” . 1 No

c2 24 60 35 #11 |4 (Steel) | 4 1 Eg;g?r']

L2 24 40 35 #11 | 4(PVC)| 4 1 Eg;gi‘r']

2.4 Instrumentation Installation

The reinforcing scheme in each pile (Table 2.1) defined how each pile reinforcement element
was instrumented: access tubes plastic or steel, quantity and length of thermal wires. Upon
arrival on-site, all cages were fully assembled and ready for installation of instrumentation.
Instrumentation installation involved attaching access tubes and thermal wires and was
performed in two visits due to hurricane warnings and evacuations affecting central and east
Florida (Oct. 5 and 26, 2016).

Piles C2 and L2 were equipped with both access tubes and thermal wires. While the cages were
not intended to extend full depth, the access tubes were slightly extended 1ft below the bottom of
cage for some additional information as there would be no interference with the bottom of the
excavation. Access tubes were first installed to prevent damage to wires if installed before access
tubes. Tubes were tied with steel tie wire on two foot intervals to provide a secure attachment.
Wires were tied to the access tubes such that the sensors were all positioned 90degrees
counterclockwise from the inward direction of each tube. This aligned the radial distance from
the center of pile to each wire sensor with the centerline distance of each access tube.

Piles C1, L2 and E1 were instrumented with only thermal wires where the same 90
counterclockwise orientation of the sensors was used relative to the vertical reinforcing steel
bars. Sensors were secured with plastic wire ties where one tie was placed on the upper and
lower side of the sensors (i.e. 2 ties per sensor or foot of wire length). Sensors were spaced at 1ft
intervals. 24in piles had 12 - No. 8 bars and 18in piles had 8 — No. 8 bars which made the
installation of four wires conveniently spaced on multiples of 4 (every 3 bars for 24in or 2 bars
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for 18in piles). Excess wire length was bundled and attached to either the top of the access tubes
or reinforcing bars (Figure 2.5). Figures 2.5 - 2.8 show each of the five reinforcing cages and the
center bars that were instrumented with a single wire similarly secured with two ties per sensor.

Figure 2.5 Bottom end view of reinforcement cages for 24in piles C2 (left) and L2 (right)
instrumented with thermal wires and access tubes for thermal probe testing.
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Figure 2.7 Pile E1 reinforcing cage with thermal wires attached.
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2.5 Pile Construction

While not the focus of this report, the construction of each test pile followed conventional ACIP
pile construction practice where a full length continuous flight auger was slowly advanced into
the ground while constantly spinning until the target depth of pile was reached. Grout was then
pumped through the hollow stem central portion of the auger while slowly extracting. Several
pump strokes of grout where initially placed prior to auger extraction. During extraction, the
pump flow rate and extraction rate were kept as constant as possible to ensure uniform
distribution of the grout. Upon complete extraction of the auger, the reinforcing steel was
lowered down into the still-fluid grout. For piles with both center bars and cages, the center bar
was installed first followed by the surrounding cage.

Pile installation records and the full construction process is reported elsewhere (DFI preliminary
report). However, selected components of the report are included in Appendix C, D and E.
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2.6 Thermal Testing

With two types of thermal systems installed on the reinforcing cages, two simultaneous testing
efforts resulted using probe and thermal wire methods

2.6.1 Probe Testing

Probe testing is usually only performed once, at a time that is near the peak temperature (ASTM
2014). At that time, the quality of the data is immediately evaluated by the testing engineer (or
technician). If all profiles are clear and the data meaningful, then no more testing is required.
However, for this study probe testing was performed on 6hr intervals starting 6hrs after the piles
were cast and continued up to 24hrs after casting. Each tube was profiled twice during each 6hr
interval/visit. Figures 2.9 - 2.11 show probe testing being performed at various stages of the
curing/hydration process. For these tests an automated, reel-type system was used which frees
the testing engineer to perform multiple field functions at once.

T

Figure 2.9 Automated reel and data collection system used for probe testing.
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Figure 2.11 Probe testing pile C2 at approximately 24hrs after pile installation.
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As is standard, probe testing was performed by taking temperature measurements as the probe
descended at a rate of 0.3 to 0.5ft/sec. The initial position of the infrared viewing windows in the
probe was always well above the top of pile to ensure capture of the transition from the cooler air
environment to the warmer curing pile concrete. This clearly demarcates the top of pile location
and serves as a reference for pile length. In this case access tubes were only partial length, so no
analogous bottom of pile transition could be recorded for several of the piles. Figures 2.12 and
2.13 show thermal profiles from each of the piles that were equipped with access tubes for
thermal probe testing.

Figure 2.14 shows probe the average temperature profiles from both the probe tested piles over
the duration of testing. Data from all tests and profiles are included in Appendix A.

Temperature (F)
70 80 90 100 110 120 130 140 150

0 | | | | | | |
N—
5 i
—T15
10 -
—T2.5
—T35
15 4
T4_5
= —Av
£20 | 9
Q
(@]
25
30 -
35
40

Figure 2.12 Temperature profile for pile C2 at peak temperature taken via probe system.
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Figure 2.13 Temperature profile for pile L2 at peak temperature taken via probe system.
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Figure 2.14 Pile C2 (left) and L2 (right) profiles from probe data taken on 6hr intervals.

2.6.2 Thermal Wire Testing

Thermal wire testing has the inherent advantage to the field technician in that no planning is
necessary to ensure on-site presence aligns with the anticipated peak temperature timeframe.
Rather, data collectors (TAP units / Thermal Access Ports) are attached to the wires immediately
after casting or as soon as access is granted and data is continuously taken up to and beyond the
peak temperature occurrence. The disadvantage is that the quality of the data is not known until
after retrieval of the TAP units and the data is downloaded. Figures 2.15 — 2.21 show the TAP
units attached to each of the test piles.
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Figr 2.17 Pile C1 with thermal wires and attached TAP units.

21



22



P e @
G
f

o o iy P & PR . q"
Figure 2.20 Pile C2 with thermal wires and attached TAP units.
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Figure 2.21 Pile T with thermal wires and attached TAP unit.

Due to the continuous data collection feature of thermal wire data, not only can thermal profiles
be collected, but also time vs temperature relationships can be produced. Figures 2.22 and 2.23
show examples of thermal wire data collected from one of the test piles and the associated
temperature trace from a selected elevation, respectively. All thermal profiles from wires and
temperature traces from each pile are included in Appendix A.
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Figure 2.22 Pile E1 center bar thermal wire data (left); cage wire date (right) at 15hrs
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Figure 2.23 Temperature vs. time for pile E1 center bar wire from 10ft below pile top.

2.7 Extraction and Physical Dimension Measurements

Only one of the test piles was extracted for evaluation of as-built dimensions. Four relief holes
were drilled around pile E1 to reduce side shear and the pile was removed using the central
threaded bar. The pile was cleaned and measured via manual measurements. Two different teams
measured the circumference on one foot length intervals down the pile. These measurements
were then converted to the equivalent diameter which assumed the pile was circular in section
and that there were no significant voids or bulges. Using a large-scale caliper, direct
measurements of diameter were taken at 90 degree locations down the length of the pile (i.e. two
measurements per depth location). The results of the actual diameter were then used to assess the
true as-placed volume of the pile and then compared to the predicted volume per pump strokes
and the automated installation recorder. These data are presented and discussed in Chapter 3.
Figure 2.24 shows the extracted pile marked on one foot intervals from top to bottom.
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Figure 2.24 Extracted pile shape from top to bottom (left to right and down).
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Chapter Three: Results of Testing and Analysis Methods

Both thermal probe and wire systems were used to collect data over an extended period of time.
The evaluation of the data focused on: measurement system (i.e. probe or wire), access tube
material, measurement location (i.e. center vs cage), analysis techniques, and grout volume
determination, a required input parameter for thermal analyses when converting temperature to
radius (or diameter). Note that radius predictions apply to local cage position measurements with
multiple locations within the cross-section; single location center bar measurements can only
produce an average diameter for the pile at that depth. Throughout this analysis chapter cage
based radii predictions are compared to average radii (not diameter) from center bar data for
clarity.

3.1 Measurement Systems

The choice of whether to use probe or wire systems revolves largely around the owner’s (or
contractor) testing strategies or philosophy. For sites where other test methods will be used that
required access tubes, the probe system adds no additional cage preparation time as access tubes
will already be available. However, a testing engineer or technician must be scheduled to arrive
and perform probe profiling near the peak temperature (to ensure the highest possible definition
of shaft dimensions is obtained). Thermal wire systems require near equivalent cage preparation
times when compared to access tube installation but if dual access tubes and wires are used both
the time of installation and overall system costs increase. Increased care should be observed
when installing any wire-based instrumentation. Ideally, from a cost standpoint, replacing tubes
with thermal wires would be about the same. Scheduling for wire systems has the advantage over
probe systems as continuous data collection ensures the peak temperature profile is captured. So,
in certain cases an engineer or technician may not need to visit the site at all (when the contractor
team has developed a level of installation and operation competence). However, even under
close supervision of the wire installation and construction processes, the wires are vulnerable to
damage. Likewise, data may not be collected if the storage units are not properly maintained
(kept charged and safe from vandalism) or when wires are cut.

For this project, piles C2 and L2 where equipped with both access tubes and thermal wires. For
both piles, four access tubes were installed where wires were attached to each tube such that they
would lie along the same radial position as the center of the tubes (i.e. same radial distance from
center). Both piles also had a center bar that was only instrumented with a wire so no comparison
between center access tubes and wires could be made. Figures 3.1 and 3.2 show the thermal
profiles for piles C2 and L2, respectively, measured using both the probe and wire methods.
Recall the wires were tied along the side of the access tubes such that the wire position radius
would be the same as the center of the tubes relative to the center of the cage. In some of the
wire profiles sensor failures occurred; wire 1 on pile C2 experienced failures for all nodes below
5ft, and wire 3 experienced failures for nodes at 32 and 33ft.
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Figure 3.1 Pile C2, probe in steel (orange) and wire (blue) measured thermal profiles for each
tube 1 — 4 (left to right) near peak temperature.
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Figure 3.2 Pile L2, probe in PVC (orange) and wire (blue) measured thermal profiles for each
tube 1 — 4 (left to right) near peak temperature.
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While not usually performed via probe testing, thermal wire options provide temperature versus
time information which is helpful in assessing the cementation material performance. For this
project, however, both probe and wire systems were used to collect data over an extended period
of time and where both systems showed close agreement. Figure 3.3 shows an example
temperature versus time response for pile C2 at a depth of 30 feet for both systems.
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100

90

80
0 20 40 60 80 100 120

Figure 3.3 Pile C2 temperature vs. time from wire data (blue) and probe data (orange).

While Figure 3.3 shows the temperature versus time response at a depth of 30ft, this type of plot
can be produced for any depth where a measurement was taken. The most important aspect of
these curves is the ability to denote the presence of a typical hydration response and if retarders
are used, the performance of the admixture can be verified. There are an enormous number of
curves that could be produced from the data collected for this project, but only one for each pile
has been prepared and shown in Appendix B.

3.2 Access Tube Material

Probe testing can be performed in any preformed hole usually provided via plastic or metal
access tubes. Whether to use plastic or metal is again an owner decision. Western state DOTs
tend to be more willing to use PVC and cite no adverse effects. For those agencies added benefits
from using PVC include less signal attenuation from gamma radiation based systems and
increased ease in jetting out pockets of debris or anomalous formations. Southeastern state DOTS
have a different experience base and prefer the use of steel access tubes. Nevertheless, both
materials have about the same incidence of debonding failures which suggests other variables
such as contractor practices may play a significant role. This is not the focus of this access tube
material comparison.
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Side-by-side testing of probe in steel access tubes and wire systems for larger drilled shafts has
shown no adverse effects despite weather (time of year cold or hot). However, for the smaller
diameter piles tested here there was a clear indication that the cooler fall weather influenced the
upper portions of the probe measurements. Probe testing was performed using steel access tubes
in pile C2 (Figure 3.1 above), and PVC access tubes in pile L2 (Figure 3.2). Both piles showed
general agreement between the two methods except for slight discrepancies in the upper portion
of pile C2 (steel tubes) where the probe measured slightly lower temperatures than the wires.
This is not surprising given the surface area of four steel tubes compared to the small mass of
energy producing cement and the ability of the 2ft exposed steel tubes to dissipate heat energy to
the air. Recall early mass concrete assessments compared the dissipation shaft surface area to the
overall shaft volume. Similarly, the surface area of the steel tubes increases the ability to locally
lose heat to the surroundings. The low diffusivity PVC showed no effects. When only thermal
integrity evaluation is used for a given site, installation of dry PVC tubes skips the contractor
water-filling process, reduces de-watering testing time and the overall cost of the integrity
system is lower.

3.3 Measurement Location

Five of the seven test piles were instrumented with both center bar and cage position temperature
systems (two of which also included access tubes on the cage as noted above). Based on normal
temperature distributions within a cylindrical hydrating foundation element, it is well understood
that the center most positions will be warmer than more peripheral positions closer to the
surrounding cooler soil. This is especially true for smaller diameter ACIP piles and for Pile E2
this phenomenon was clearly demonstrated where the center bar temperatures were consistently
and uniformly warmer than the cage temperatures (Figure 3.4). However, for several other piles
the average of cage located measurements were consistently cooler near the surface (normal), but
came to the same temperature as the center bar at depth. This showed that the center bar was not
centered.

Piles C1 and C2 could not be used to produce reliable average profiles due to missing data from
malfunctioning wire sensors; those comparative graphs were not prepared. However, the same
basic trends can be seen in Figures A.3 and A.4 where the center bar was generally warmer than
cage position measurements (Appendix A).
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Figure 3.4 Pile E1 (left), L1 (center), and L2 (right) — average cage wire data (orange) compared
with center bar wire data (blue).

Previous studies and projects have shown the value of at least four cage based temperature
measurements in providing an indication of cage offset from concentricity with the excavation.
For ACIP piles, the small cross section and construction process almost completely removes the
possibility of full length cages for the proper assessment of the cage eccentricity and pile
integrity. As a result, use of instrumented single center bars (with wires) has become widespread.
The downside is the loss of valuable insight. However, in the high bending moment regions
beneath the pile cap, cages can be used even for small piles (e.g. 12in cages used in this study).

Using the individual cage position temperature measurements the cage offset was qualitatively
assessed to ascertain the relative location of the center bar. Figure 3.5 shows the complete
profiles for piles L1 and L2 and indicates the center bar, which was well centered at the top of
pile, gradually aligned with the cage at a depth of 15 and 20ft, respectively, and was adjacent the
cage from that point to greater depths.

For Pile L1, the average cage measurement profile indicates a bulge from 15 to 25ft. The center
bar measurements reflect the same general shape, however, at one point the cage temperature
exceeded the center bar temperature indicating that in the bulge region, the cage was positioned
to the north and pushed the center bar out of the higher temperature core. Wire 3 (southern-most
side of cage) at that depth was then the most centered sensor string. Below the bulge the cage
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measurements gradually converge to the same temperature (at 30ft) indicating the cage is then
centered. However, the center bar temperature at that depth is the same as the cage from that
depth downward indicating the center bar is nestled into the cage (same radial position). Given a
nominal cage OD of 12in (ID of 11lin) and that the bar temperature is the same as the cage
position measurements, the center bar can be located approximately 5.5in off-center (the distance
from the center of cage to the center of the main vertical reinforcement. Note: where it seems
unlikely to have the center bar colder than the cage at a given depth, it is actually reasonable provided
that the average of all cage measurements is still cooler than the center bar measurement.

For Pile L2, like Pile L1, the cage appears to have moved laterally where Wires 2 and 3 are
warmer than the other cage temperatures and are the same as the center bar at 20ft. At a depth of
30ft all four cage wires are the same temperature indicating a perfectly centered cage, but
because the center bar shares the same temperature as all cage temperatures, the center bar is
touching the cage between Wires 2 and 3. With a nominal cage OD of 18in (ID of 17in) and
given the bar temperature is the same as the cage position measurements, the center bar can be
located 7.5in off-center. Note: wires were tied to the side of 2in OD access tubes which slightly
changed the radial position relative to L1 where wires were tied to the side of No. 8 main bars.

The same review was applied to the remaining piles: C1, C2, and E1:

e Pile C1, the center bar and Wire 3 have the same temperature at 35ft, so the center bar is
part of the cage at that depth (Figure 3.6, left); cage offset cannot be evaluated due to
missing opposite side measurements within the cage.

e Pile C2, the center bar has the same temperature as Wires 3 and 4 again showing the
center bar to be nestled within the cage (Figures 3.6, right); as the average of Wires 2 and
4 (125 and 130F at 34ft) is similar to the center bar, the center bar has moved closer to
Wire 4, yet the cage, qualitatively, is fairly well centered.

e Pile E1, the cage is well centered throughout with a moderate amount of offset at a depth
of 30ft (115 to 118F variation). The average of all cage measurements is consistently
several degrees less than the center bar indicating the bar is centered with the excavation
and the cage movement into the higher temperature core explains why Wire 2 is almost
as warm as the center bar. At the very bottom of the pile, the center bar becomes cooler
than Wire 4 indicating center bar deviation from centered.

Overall, the 18in piles can be quickly identified relative to the 24in piles due to the normal cage

temperature (115F for 18in or 140F for 24in) and center bar temperatures (120F and 150F,
respectively) which were 25 to 30F cooler.
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Figure 3.5 Pile L1 (left) center bar temperature aligns with cage from 15ft downward; Pile L2
(right) from 20ft downward.
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Figure 3.6 Center and cage measurements for Pile C1 (left) and C2 (right).
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Figure 3.7 Center and cage measurements for Pile E1.
3.4 Analysis Techniques

Analysis of thermal profiles can be qualitative or quantitative whereby field observations of
thermal profiles can quickly reveal the overall pile (or shaft) quality. As noted in Section 3.3,
simple observations of cage based measurements indicate the presence or absence of cage offsets
and the basic shape of the foundation element. These reviews identify the limits of the concrete
(or grout) in the form of length and the relative temperature differences can be explained by
changes in local radius relative to the rest of the profile (discussed above).

Quantitative evaluations can employ numerical modeling or simple concrete (or grout) volume
distribution where the total placed volume is converted to local pile or shaft radii along the shaft
length proportional to local temperature. Often the total placed volume is known, but the final
resting place and shape of the concrete mass is not. Thermal profiles locate the concrete. In
essence, the average temperature profile is integrated over depth and the total “area under the
curve” is equated to the total placed volume. This makes a simplistic assumption that a linear
temperature to radius relationship can represent the actual shape of the temperature to radius
equation which is best represented by an inverse hyperbolic tangent function. The hyperbolic
function requires numerical modeling to precisely define, but input parameters for hydrating
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cementitious materials are at best estimates. Day to day changes in bulk materials can change the
as-placed energy production and temperature rise. So, models must be signal matched to field
data until the input parameter selections produce the correct temperature profile.

Alternatively, simple field calibration of the hydration energy can be used where the average
overall shaft or pile temperature is equated to the average shaft or pile radius. This is the method
used for drilled shafts, but cage measurements on a shaft are considerably farther away from the
center than in ACIP piles. This means that shaft cage measurements are in a strongly linear
portion of the temperature / radius, bell curve (Figure 3.8).
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Figure 3.8 Typical temperature / radius plot or bell-curves (Part I, Figure 2.11; Mullins, 2012a).

The shape of the bell curve is similar to the temperature reduction that occurs at the top and
bottom of the shaft (or pile) as the temperature profile transitions to the air or soil, respectively.
The effect of radius increase or decreases also follows the same trends as shown in Figures 3.9
and 3.10. Figure 3.9 shows the overall effect of all shaft sizes and measurement locations, while
Figure 3.10 shows a shaft specific temperature / radius (T-R) relationship where the
measurement position within the foundation element is fixed dependent on the cage radius
relative to the shaft radius. In both figures, the dashed black lines denote the T-R relationship at
the location of the cage which is 6in smaller than the shaft for all FDOT shafts. In other states, a
smaller cover may be permissible or prescribed based on the shaft diameter.
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Figure 3.10 T — R relationship for a given cage position (Part I, Figure 2.13; Johnson, 2014).

Knowing the actual relationship, simplistic linear T-R approximations have been employed to
estimate the local shaft radius within the linear portion of the true hyperbolic T-R curve. For
shafts this approach is known as the Tzero method. Therein, a line is defined using two points in
the temperature / radius coordinate space: (0,0) and (Tavg,Ravg). Modeling has shown that this
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approximation is valid for changes in radius up to 6in. For changes in radius larger than 6in, the
Tzero method tends to under-predict the magnitude of variation. Nevertheless, as shafts can be
rejected on the basis of only 1.5in reductions, inaccuracies at radial reductions exceeding 6in are
not really an issue. In all cases, the method was designed to never over-predict the severity of
actual radial reductions to eliminate false positives of problematic conditions. However, for shaft
sizes greater than about 5ft in diameter, the Tzero method is quite precise. For smaller diameters
(3 to 5ft), it slightly under-predicts the magnitude of shaft variation for a given change in
temperature (i.e. bulges are larger than predicted and necks are smaller).

In the Part | report, center bar temperature measurements of ACIP piles were shown to be only
mildly affected by diameter changes using the Tsoit method and drastically underestimated true
radial variations. Several alternate analysis methods were discussed for small piles with only
center bar measurements; one did not require numerical modeling and is referred to in this report
as the Tsoil method. This method uses a modified version of the Tzero method where the linear T-R
relationship is again defined using two points but the zero radius temperature value is defined by
the local at-depth soil temperature: (Tsoi1,0) and (Tavg,Ravg). As an example, Figure 3.11 shows
the modeled inverse hyperbolic tangent T-R relationships for 2, 4, 8 and 12ft diameter elements
at the time of peak temperature. Recall, the T-R relationship is dependent on the location of
measurement; the center of element and cage positions are shown as grey and black curves,
respectively. The cage position relationships are fitted with the Tzero linear approximation passing
through the Tavg,Ravg point; the center of pile curves are fitted with the best linear relationship to
represent the linear portion nearest the Tavg,Ravg point. All elements were modeled with ACIP
pile grout for comparison. The grout or concrete composition only affects the adiabatic core
temperature and the rate at which it is achieved; it does not affect the hyperbolic T-R shape.
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Figure 3.11 T-R relationships for varying foundation element sizes with both cage and center
measurement locations.

Interestingly, as the diameter of the element decreases and approaches 2ft, the average
temperature from the cage and center bar become the same (shown as light and dark red
diamonds, respectively). This is due to the cover requirement that makes the cage quite small
relative to the element diameter. Also, the best-fit T-intercept (x-axis intercept) for center
location measurement ranges from 200F for 12ft diameter to Tsoit for 2ft. This is expected as
elements of diameter greater than about 5ft tend to plateau at the adiabatic temperature within the
core, so a linearization produces a near flat and over-sensitive T-R relationship. When the same
approach is applied to smaller diameter ACIP-sized elements, the T-R relationship for both the
cage and center bar locations are well represented by the Tsoil intercept (Figure 3.12).
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Figure 3.12 T-R relationships for smaller elements using Tsoil method.

In a previous study twelve 22in diameter elements were instrumented with center bar
measurements and then extracted for physical measurements (Mullins, 2012b; Mullins and
Winters, 2014). At that time, the Tzero method was shown to be ineffective so advanced modeling
techniques were used. Figure 3.13 shows the data from two of these shafts now regressed using
the Tsoil approach.
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Figure 3.13 22in diameter drilled shafts with center bar measurements analyzed using Tzero
(green) and Tsoil (blue) methods shown with post-extraction as-built dimensions.

The measured step in each shaft (black dotted lines) was caused by an oversized surface casing
and resulted in the shaft diameter transitioning quickly to the smaller auger diameter. Similar to
end of pile transitions to air or soil, sudden steps in the shaft appear in the temperature profiles as
inverse hyperbolic tangent transitions from warmer to cooler (or vice versa). For top and toe
profiles these transitions are adjusted to reflect the proximity to the known end of pile effects.
For mid shaft steps no adjustments are presently employed. Review of this data reveals the
possible need for this type of algorithm although the use would need to be selectively used. Note:
similar mid shaft profile transitions can occur from drastic changes in the surrounding environment (i.e.
cased shaft extending from soil through water to air). In those cases the effects of the surroundings are
removed; in this case the effect of transition would be emphasized.

When considering the steps in the shafts it is clear that field records must be accurately kept to
ensure the proper vertical alignment of sensors. In the case of the Figure 3.13 left, the actual step
transition aligns reasonably well with the recorded thermal transition. In Figure 3.13 right, the
two transitions are offset by what must have been an erroneous field notation locating the top
most sensors (datum). For both cases, however, the Tsii method correctly captured the
magnitude of radius change associated with a significant dimensional variation. Tzero did not.

42



35 Grout Volume Determination

Before extraction of the auger several pump strokes are applied which build pressure in the
system (soil and all lines) and establish a concrete head similar to tremie placed concrete.
Traditionally, this volume of grout is discounted when assessing the actual placed volume. The
auger is then extracted while continuously pumping grout and hence a volume/length of pile
relationship can be used to estimate the local diameter (or radius). Once near the surface, the
pressurized grout reaches the surface before the full extraction of the auger which is noted in the
field records as the depth when grout return was observed at the surface. Thereafter, grout
volume placed could be used to account for further soil expansion, replacement of the auger
volume or overflow at the surface. Discounting this volume completely is not reasonable but a
portion should be. These records can be collected manually (on 5ft intervals or similar) or via
automated on-board data collection systems (noted here as AME records).

Considering Pile E1, Figure 3.14 shows the predicted radius from manual and AME records
where no attempt to correct for losses was imposed. At the bottom of pile, the initial pump
strokes are registered as a significantly oversized pile when compared to the actual measured
dimensions after extraction. Three different sets of manual measurements were taken to
document the as-built dimensions; all are shown as the basis of comparison. Several aspects
make the actual placed volume and distribution difficult: tendency of grout under pressure to
flow up the sides of soil filled auger, initial pump count to fill all lines and achieve pressure
head, and volume lost at surface after grout return. Using several approaches the as-built pile
shapes were estimated/computed for all other piles and presented in Appendix B.

The T-R analysis relies on an accurate estimate of the total volume of grout/concrete (and steel)
that comprises the as-built pile. For drilled shafts, this is usually determined from the number of
trucks used to pour a shaft (i.e. 9-10CY increments). With ACIP pile construction however,
pump strokes are counted and tallied over a given length of auger withdrawal (e.g. every 5ft).
Additionally, the use of automated monitoring equipment allows grout flow rate and auger
withdrawal rate (along with other parameters) to be monitored continuously and thereby compute
grout volumes at even higher resolution (smaller depth increments). The deceiving allure of this
is that the exact distribution of grout should be able to be determined by combining these
measurements throughout the entire auger withdrawal. Considering the Figure 3.14 results it is
difficult to decide the volume to be discounted when the actual pile shape (and associated
volume) is not available.

Using three possible placed volume values corresponding to total volume placed, total minus
initial pump strokes and the actual volume from physical measurements of Pile E1, the thermal
data collected was converted to radius profiles (Figure 3.15) using the Tsoil method. The first two
options overestimated the pile radius by 2 and 1in, respectively. It is apparent that an additional
amount of grout volume must be removed, but the rationale for selecting this value is not
apparent. Using the true volume from the measured pile dimensions, the effective radius profiles
closely resemble the actual shape of the pile. The manual or AME-predicted radii largely did not
align with the actual shape (Figure 3.14).
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Figure 3.14 Radius computed from automated and manual grout log compared against actual
radius measured after extraction for Pile E1.
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Figure 3.15 Effective radius from Tsoil method compared to actual radius of Pile E1.

Using the information obtained from the Pile E1 analysis, the effective radius profiles for all
other piles were prepared using both the reported grout volume and that minus initial pump count
— Appendix B. The following observations were made:

e PilesLl1, T1, L2, C2, T2 showed drastic radius reduction around 30ft

e Pile C2 — mid-pile step corroborated by grout log (and AME)

e Subtraction of initial pump count on pile E1 resulted in 1in larger radius than actual, but
that pile had the deepest auger depth upon grout return.
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e For other piles which had shallower depths at grout return, subtraction of initial pump
count resulted in radii almost equal to that of auger size in the bottom portion, as all
shafts except E1 and C1 exhibited significant mid-pile radius reductions.

e Only piles T2 and L2 had resulting radii less than the auger dimension (~1-1.5in less) in
the bottom portion. For pile L2, this could be explained by AME records which show a
relatively fast withdrawal rate near the base, without a corresponding increase in grout
flow rate.

e For piles with only center bar measurements any temperature reduction trend (which
could be due to misalignment) will affect the grout volume distribution (i.e. high
temperature regions will overestimate radius and lower temperature regions will
underestimate the radius.

3.6 Effective Radius Estimates

The effective radius was shown to be best estimated using the Tsoii method and both center bar
and cage location measurements could be used. For cage location temperature measurements, the
T-R relationship is based on the average temperature profile and the average of that profile is
compared to the average radius. The overall average cage temperature should be less than the
average center bar temperature if the center bar is truly centered. This was the case for Pile E1.
Therefore, the R/T slope (Eqgn 3.1) is different for the two measurement locations although both
locations were shown to be best represented by the Tsoil method.

Ravg Rangsoil
R e = ———— T, + —— Eqn. (3.1
ef fective (Tavg— Tsoil) measured Tsoil~Tavg q ( )

The net effect is the higher measured temperature at the center is balanced with a lower R/T
slope compared to the cage R/T value such that temperature measurements from both locations
produce the same effective radius profile. This is also true in shaft evaluations were two shafts of
the same diameter that have different cage diameters / cover criteria; both produce the same
effective radius profile using a shaft and time specific R/T value.

Using only the true volume, the effective radius profiles were estimated for both measurement
locations from Pile E1 which showed close agreement with the as-built pile measurements
(Figure 3.16). The magnitude of variation between the two estimated shapes is on the same order
as that observed by different physical measurements conducted by two different teams (DFI
contractor and USF researchers) or by using two different measurement methods (diameter from
taped circumference vs localized diameter from calipers).
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Figure 3.16 Pile E1 effective radius determined from cage measurements and center bar
measurements compared to actual radius measured after extraction.
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Chapter Four: Conclusions and Recommendations

This study was the second in a two-part research program focused on assessing the feasibility of
using thermal integrity profiling for ACIP piles. This was made possible by coordinating with the
Deep Foundations Institute ACIP pile project to demonstrate the strength of piles in various
loading conditions (i.e. tension, compression and lateral loads). In all, seven test piles were
equipped with thermal integrity assessment devices. Both probe and thermal wire systems were
used to collect data over an extended period of time, thereby providing a means to compare
instrumentation methods, schemes and analysis techniques. One of the seven piles was extracted
to assess the validity of on-site inspection methods which was also used as a control for the thermal
analysis comparison.

4.1 Instrumentation Methods and Schemes

Instrumentation, defined by the installation of sensors or measuring systems, for thermal integrity
methods is dependent on the reinforcing steel configuration. Probe systems require access tubes,
wire systems require a cage on which to attach the sensor strings. Commonly used single bar
reinforcement in ACIP piles is not conducive to probe systems unless hollow reinforcement is used
(arelatively new development). Regardless of method, both probe and wire systems showed close
agreement with each other in this study.

Use of steel access tubes in small piles was shown to influence the near surface probe
measurements in the small piles when in cool weather. When used in larger diameter foundations
elements (e.g. 3ft diameter or larger), no similar effects have be noted. The temperature
measurements in PVC access tubes were unaffected.

Both center bar and cage position measurements were shown to be sensitive to the as-built radius
variations for the small 18 and 24in piles used for this study. Based on numerical modeling, center
bar measurements are not a good option for piles (or shafts) large that 3ft in diameter. This is due
to the loss of sensitivity to peripheral changes in dimension.

Center bar installation can result in off-center placement which may or may not be detected via
thermal wires. Use of cage based measurements (4 preferred) allows for full assessment of pile
size and cage offset. Mixed results were found in this study where center bar placement was both
centered and off-center. The degree of center bar eccentricity was such that full pile size
determination could not be made by traditional temperature to radius conversions. Some correction
for misalignment may be possible (discussed later). For this project, center bars (and cages) were
well centered near the top of a pile where visual inspection could be used to adjust the final
position.
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While auger-cast piles are often reinforced with only a single center bar, their use on highway
projects subjects them to AASHTO specifications which require a minimum reinforcement of 1%
of the gross concrete area for concrete columns. For an 18in pile with only a single center bar, this
specification would require a #18 bar be used, the largest commonly available size. For a 24in pile,
this would not suffice. Therefore it is reasonable to suggest that the use of full rebar cages may
become more commonplace on highway production piles and thermal measurements taken at cage
location should then be considered as a viable option for integrity testing. At a minimum partial
length cages can be implemented like that used for this study. This increases the verification
capability in high bending moment regions beneath the pile cap.

Of the twenty seven wires installed for this study, four exhibited partial length failure around peak
temperature times. Others went dead and came back multiple times, but were alive at peak
hydration. No wires were completely unusable.

4.2 Grout Volume Determination

Thermal evaluation of ACIP piles (or shafts) can be both qualitative and quantitative. To transform
qualitative insights to quantitative radius or cage offset values, the placed volume of grout (or
concrete) is required. Unfortunately, this is a highly interpretative quantity. Use of on-board
computerized data collection systems that record values such as grout flow rate, volume,
penetration rate, depth of auger, and grout pressure provide a means to better identify the as-built
pile, but unknowns still exist. Even interpretation of the recorded data from different sensors can
lead to different conclusions. Figure 4.1 shows the Pile E1 radius profiles predicted from manual
pump stroke counts, grout factor per 2ft interval, cumulative volume changes per 1ft, and flow rate
divided by extraction rate. The actual pile radius is also shown in which the average of the three
measurement systems was used. In short, the predicted radius from placed volume does not under-
estimate radius.

The total grout volume is essentially the area under the predicted radius vs depth curve times 2.
The various methods of determining radius place excess volume at different locations along the
length of the pile making a simple rule for the exclusion of certain volumes difficult (e.g. initial
pump strokes or some portion of the volume after return is observed). For Pile E1 the true volume
of the pile was determined from manual measurements to be approximately 80cuft and the overall
pumped grout was 109cuft. By subtracting the volume from initial pump strokes (10cuft) and the
entire volume after grout return was observed (34cuft), the volume drops to 65cuft. Adding back
the theoretical volume of the auger in the ground at the time return was noted (22cuft), the volume
increases to 87cuft which is 7cuft too high (8.8%). This increases the actual average pile radius
(9.6in) to a prediction of 10.4in. The most likely cause of this disparity is the amount of grout that
mixes with the ground water and becomes unrecognizable as clean grout return.
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Figure 4.1 Radius predictions from grout volume measurements.

FDOT currently requires ACIP piles to place at least 15% extra volume. This in part activates
passive pressure along the side of piles and in cases like this could account for inaccurate grout
return assessment.
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4.3 Analysis of ACIP Pile Thermal Profiles

Using accurate measurements of as-built piles (or shafts), the true volume was input into various
radius prediction methods for thermal integrity data sets. The use of small cages in small piles or
center bar instrumentation schemes places the measurement location at or near the top of the bell
curve (i.e. radial temperature distribution). Traditional shaft evaluation algorithms that assume the
location to be near the edge of shaft in the linear region are therefore not appropriate. Best fit
projections from hyperbolic T-R curves show that shafts larger than 2ft do not provide the same
response as smaller piles when center bar measurements are used, and are not recommended. Piles
or shafts larger than 2ft should use cage measurements for thermal analyses, which is not
unreasonable for that size element.

The Tzero linearization of the hyperbolic T-R relationship was confirmed to be conservative for all
diameters of foundation elements regardless of the measurement location. The Tsoii method was
shown to be a reasonable approximation for smaller elements for both center bar and cage position
measurements. However, a subtle over prediction of radial variations results from its use. Figure
4.2 includes the model predicted best fit T-intercepts for cage based measurements in shafts greater
than 2ft diameter with no more than 6in of cover, and for both center bar and cage measurements
in piles 2ft diameter or smaller. For ACIP piles, the simplistic Tsoil method could be refined based
on these model results to use 0.9Tsoi as the intercept value. In general any intercept selected that
is less than that shown results in conservative radius variation predictions.
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Figure 4.2 Intercept temperature as a function of measurement position.
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Using a shaft and site specific intercept temperature from Figure 4.2, Eqn 3.1 can be rewritten in
a more generic format (Eqn 4.1) where the intercept temperature is denoted as Tint.

Ravg

RavgTint
T 4 RavgTine Eqn. (4.1
effective (Tavg— Tint) measured Tint—Tavg an- -4

The radial temperature distribution of ACIP piles changes only moderately around the top of the
bell curve (Figure 4.3). In that region (i.e. £2in or +0.3F), lateral center bar movement has little
effect on the measured temperature and therefore the predicted radius.
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Figure 4.3 Radial temperature distribution in 18in ACIP pile (12hrs).

However, piles tested in this study were confirmed to have moved up to 5.5in for 18in and 7.5in
for 24in diameters. This translated into potential radius prediction errors of 1 to 2in based on the
observed R/T slope of 0.25in/degF. These errors create both under and over predictions as the
integrated temperature vs depth curve is equated to the placed volume; where one region of the
pile under-predicts radius from low temperature, higher temperature regions must over-predict to
balance the equation. These types of errors are preventable via use of more centralizers (Figure
4.4).
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4.4 Summary

Results from thermal integrity profiling of ACIP piles showed promising capabilities to test the
as-built piles. Analysis methods that were hypothesized in the original study were vetted and
showed good agreement with the true pile size and shape. These methods were furthered to refine
and minimize errors associated with simplistic linearization of the inverse hyperbolic tangent
relationships. This was an unexpected outcome.

Both probe and wire systems were shown to provide the same data, however, wire systems have
the distinct advantage of reducing cage/reinforcement congestion. PVC access tubes were also
shown to be better for small volumes of grout that can be vulnerable to heat sinking with steel
tubes.

Like most new developments and the additional information provided for the contractor, thermal
profiling has shown that centered single bar reinforcement are central to TIP effectiveness and that
tighter spacing would be beneficial. The shape of the pile predicted by thermal evaluation
mimicked the actual pile closely but grout volume determination is a weak link in the entire quality
assurance program. Evaluation of this parameter will continue to evolve.

53



References

Anaheim Automation (2016). https://www.anaheimautomation.com/search.php?q=23y102s-lw8
accessed April 6, 2016.

Anderson, Byron Keith. (2011). "Thermal Integrity Profiling Instrumentation Development."
Graduate School Theses and Dissertations. http://scholarcommons.usf.edu/etd/2987

Arya, S. Pal. (2001). “Introduction to Micrometeorology” 2" Edition. Published by MPG,
Bodwin, Cornwall, Great Britain. ISBN 0-12-059354-8. p.48.

ASTM Standard D7949-14, (2014). “Standard Test Methods for Thermal Integrity Profiling of
Concrete Deep Foundations,” ASTM International, West Conshohocken, PA

Bogue, Robert H. (1947). “The Chemistry of Portland Cement.” Reinhold Publishing
Corporation, New York.

Brown, Dan A., Dapp, Steven D., Thompson, W. Robert, and Lazarte, Carlos A. 2007. “Design
and Construction of Continuous Flight Auger (CFA) Piles.” Geotechnical Engineering
Circular No. 8. FHWA-HIF-07-03.

Brown, Dan A., Turner, John P., Castelli, Raymond J. 2010. “Drilled Shafts: Construction
Procedures and LRFD Design Methods.” NHI Course No. 132014. Geotechnical
Engineering Circular No. 10. FHWA NHI-10-016.

Caltrans (2005). “Method of Ascertaining the Homogeneity of Concrete in Cast-in-Drilled-Hole
(CIDH) Piles using the Gamma-Gamma Test Method,” California Test 233, State of
California Business, Transportation, and Housing Agency, Sacramento, CA.

COLOG. (2010). “4-Pi Gamma-Gamma Density Logging (GDL) Investigation of One Drilled
Shaft Foundation.” Final Report prepared by COLOG, a division of Layne Christensen
Company, Lakewood, CO, March 22, 2010.

Ge, Zhing. (2005). “Predicting temperature and strength development of the field concrete.”
Doctoral Dissertation, lowa State University. UMI No. 3200417.

Hollema, D.A., and Olson, L.D. (2003). “Crosshole Sonic Logging and Velocity Tomography
Imaging of Drilled Shaft Foundations.” Proceedings from International Symposium
(NDT-CE 2003), Non-Destructive Testing in Civil Engineering 2003 in Berlin,
Germany. ISBN 3-931381-49-8.

Incropera, Frank P., and Dewitt, David P. (2007). “Fundamentals of Heat and Mass Transfer” 6"
Edition. Published by John Wiley & Sons, New York, NY. ISBN 0-471-45728-0.

Johnson, K. (2014). “Temperature Prediction Modeling and Thermal Integrity Profiling of
Drilled Shafts.” Proceedings from ASCE Geo-Congress 2014, pp. 1781-1794.
doi:10.1061/9780784413272.175

Kranc, S., and Mullins, G. (2007). Inverse Method for the Detection of Voids in Drilled-Shaft
Concrete Piles from Longitudinal Temperature Scans. Inverse Problems, Design and
Optimization Symposium. Miami, FL, U.S.A., April 16-18, 2007.

Mindess, Sidney, Young, Francis J., and Darwin, David. (2003). “Concrete” 2" Edition.
Published by Pearson Education, Inc., Upper Saddle River, NJ. ISBN 0-13-064632-6.

Mullins, Gray. (2008). “Concrete Hydration Energy: Friend and Foe.” Slideshow presented to
ACI Florida Suncoast Chapter on March 13, 2008.

54



Mullins, Gray. (2010). “Thermal Integrity Profiling of Drilled Shafts.” The Deep Foundations
Institute Journal. VVol.4, No. 2 December 2010. pp. 54-64.

Mullins, Gray. (2012a). “Advancements in Drilled Shaft Construction, Design, and Quality
Assurance: The Value of Research.” Slideshow presented at the 17" Annual Great
Lakes Geotechnical/Geoenvironmental Conference (GLGGC), Cleveland, OH, May 24.

Mullins, G. (2012b) Load Testing of Drilled Shafts Constructed with CETCO Polymer Slurry,
Final Report, 65 pp.

Mullins, G. and Winters, D. (2014) Defining the Upper Viscosity Limit for Mineral Slurries used
in Drilled Shaft Construction, FDOT Project No. BDK84-977-24, Final Report, 264 pp.

Mullins, Gray. (2013). “Advancements in Drilled Shaft Construction, Design, and Quality
Assurance: The Value of Research.” International Journal of Pavement Research and
Technology. Vol. 6 No. 2, March, pp. 93-99.

Mullins G., and Winters, D. (2011). Infrared Thermal Integrity Testing Quality Assurance Test
Method to Detect Drilled Shaft Defects. Washington State Department of
Transportation, Olympia, WS. Report No. WA-RD 770.1

Mullins, G., and Winters, D. (2012). “Thermal Integrity Profiling of Concrete Deep
Foundations.” Slideshow presented at the Association of Drilled Shaft Contractors
Expo 2012, San Antonio, TX, March 14-17.

Ozisik, M. Necati. (1993). “Heat Conduction” 2" Edition. Published by John Wiley & Sons,
Inc., New York, NY. ISBN 0-471-53256-8.

Palm, Martin. (2012). “Single-hole sonic logging: A study of possibilities and limitations of
detecting flaws in piles.” Master Thesis, Royal Institute of Technology, Department of
Civil and Architectural Engineering. ISSN 1103-4297.

Pauly, Nicole M. (2010). “Thermal Conductivity of Soils from the Analysis of Boring Logs.”
Master’s Thesis, University of South Florida, Department of Civil and Environmental
Engineering.

Pfeiffer, K. and Olson, J. (1981). “Basic Statistics for the Behavioral Sciences.” Published by
Holt, Rinehart, and Winston. ISBN 0-03-049866-X.

Piscsalko, George. (2014). “Non-Destructive Testing of Drilled Shafts and CFA Piles — Current
Practice and New Method.” 2014 International Conference on Piling and Deep
Foundations. Stockholm, Sweden. 533-546.

Piscsalko, G., Alvarez, C., Belardo, D., and Galvan, M. (2014). “Using Thermal Integrity
Profiling to Evaluate the Structural Integrity of Soil Nails.” Deep Foundations Institute
39" Annual Conference on Deep Foundations: Atlanta, GA. 195-202.

Poole, Jonathan L. (2007). “Modeling Temperature Sensitivity and Heat Evolution of Concrete.”
Doctoral Dissertation, University of Texas at Austin. UMI No. 3285913.

Rausche, F., Likins, G., and Hussein, M. (1994). “Formalized Procedure for Quality Assessment
of Cast-In-Place Shafts Using Sonic Echo Pulse Methods.” Transportation Research
Record No. 1447: Design and Construction of Auger Cast Piles and Other Foundation
Issues. Washington, D.C. pp. 30-38. Accessed at www.pile.com\refererence

Schindler, A.K. and Folliard, K.J. (2002). “Temperature Control During Construction to Improve
the Long Term Performance of Portland Cement Concrete Pavements.” Center for
Transportation Research. The University of Texas at Austin.

55



Schindler, A.K. and K.J. Folliard. (2005). “Heat of Hydration Models for Cementitous
Materials.” Technical Paper, ACI Materials Journal, V. 102, No. 1, January-February
2005.

Sellountou, A. and Alvarez, C. (2013). “Thermal Integrity Profiling: A Recent Technological
Advancement in Integrity Evaluation of Concrete Piles.” Proceedings from the First
International Conference , Seminar on Deep Foundations: Santa Cruz, Bolivia.

Silwinski, Z.J., and Fleming, W.G.K. (1983). “The Integrity and Performance of Bored Piles.”
Piling and Ground Treatment for Foundations, Thomas Telford, London, pp. 153-165.

Folliard, K.J., Juenger, M., Schindler, A., Riding, K., Poole, J., Kallivokas, L.F., Slatnick, S.,
Whigham, J., Meadows, J.L. (2008). “Prediction Model for Concrete Behavior — Final
Report.” Center for Transportation Research, The University of Austin at Texas.
FHWA/TX-08/0-4563-1.

Taylor, H.F.W. (1997). “Cement Chemistry” Second Edition. Published by Thomas Telford
Publishing, London. ISBN 0-7277-2592-0.

USDOT, (2015). “Integrity Testing of Foundations,” Central Federal Lands Highway Program,
FHWA, Lakewood, CO.
http.//www.cflhd.qgov/resources/agm/engApplications/BridgeSystemSubstructure/221Integrit
yTestingofFoundation.cfm

56



Appendix A

TIP Data
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Figure A.1 TIP wire data for pile E1, at cage location (left) and center bar location (right).
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Figure A.2 TIP wire data for piles T1 (left) and T2 (right), at center bar location
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Figure A.3 TIP wire data for pile C1, at cage location (left) and center bar location (right).
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Figure A.4 TIP wire data for pile C2, at cage location (left) and center bar location (right).
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Figure A.6 TIP wire data for pile L2, at cage location (left) and center bar location (right).
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Appendix B

TIP Effective Radius Profiles
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Figure B.1 Pile C1 effective radius from cage wire data, using TO method (left) and Tsoil
method (right).
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Figure B.2 Pile C1 effective radius from center bar wire data using actual reported grout volume
(max) and reported volume grout less initial pump count (min) — TO method (left), Tsoil method
(center), min/max from all combinations (right).
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Figure B.3 Pile C2 effective radius from cage wire data using reported grout volume over given
partial length, TO method (left), Tsoil method (right).
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Figure B.4 Pile C2 effective radius from center bar wire data using actual reported grout volume
(max) and reported volume grout less initial pump count (min) — TO method (left), Tsoil method
(center), min/max from all combinations (right).
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Figure B.5 Pile T1 effective radius from center bar wire data using actual reported grout volume
(max) and reported volume grout less initial pump count (min) — TO method (left), Tsoil method
(center), min/max from all combinations (right).
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Figure B.6 Pile T2 effective radius from center bar wire data using actual reported grout volume
(max) and reported volume grout less initial pump count (min) — TO method (left), Tsoil method
(center), min/max from all combinations (right).
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Figure B.7 Pile L1 effective radius from cage wire data using reported grout volume over given
partial length, TO method (left), Tsoil method (right).
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Figure B.8 Pile L1 effective radius from center bar wire data using actual reported grout volume
(max) and reported volume grout less initial pump count (min) — TO method (left), Tsoil method
(center), min/max from all combinations (right).
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Figure B.9 Pile L2 effective radius from cage wire data using reported grout volume over given
partial length, TO method (left), Tsoil method (right).
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Figure B.10 Pile L2 effective radius from center bar wire data using actual reported grout
volume (max) and reported volume grout less initial pump count (min) — TO method (left), Tsoil
method (center), min/max from all combinations (right).
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Figure B.11 Pile E1 effective radius from center bar wire data using actual reported grout
volume (max) and reported volume grout less initial pump count (min) — TO method (left), Tsoil
method (center), min/max from all combinations (right).
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Figure B.12 Pile E1 effective radius from cage wire data using actual reported grout volume
(max) and reported volume grout less initial pump count (min) — TO method (left), Tsoil method
(center), min/max from all combinations (right).
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Boring Logs
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EQUIPMENT TYPE 7 I RIGNO. \_ BORINGNO. 22 [~ ] )
§ ] ¢ - A
DATE STARTED .COMPLETED - DRILLED BY
LOGGED BY B e BORING TYPE: AUGER, WASHED, PERCUSSION, ROTARY,
CASED, UNCASED, DRILLING MUD,
WATER TABLE: 0 HR. 24 HRS. HRS. S
SAMPLE CONDITIONS: oisTURBED SAMPLETYPES: » © aucer  IESTS:wc: WATER CONTENT (%)
” ! . ;
/] coop . SB: 'SPLITBARREL |- TORVANE(TSF)
V. IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCKCORE ____ SIZE
etev. | pepT | seor Sl e
™) | Fmy | sLows MATERIAL DESCRIPTION con| No_ [ReC.| TESTS REMARKS
(o) | TYPE | (%)
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STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION FORM 675-020-12

FIELD BORING LOG MATFR'ALS
SHEET f OF ‘Fm
RREJBET HO, NAME AR0-£¢ (0% P1ie Resm@COUNTY 0k e DISTRICT _~
LOCATION (Dknhiiindies, & ~___ TOWNSHIP RANGE SECTION
ROAD NUMBER SURFACE ELEVATION
EQUIPMENTTYPE CME 15 RIGNO. Z4e00 7 BORINGNO. = % (7=
] - rd
DATE STARTED _9/13/2061L compLeTED 4 |13 120/ DRILLEDBY Srucer. /hule
LOGGED BY Dxlirin _.f’ 1 ool BORING TYPE: AUGER, WASHED, PERCUSSION, _
' CASED, UNGASED, D@JD,
WATER TABLE: 0 HR. 24 HRS. HRS.
SAMPLE CONDITIONS: sEruRaEn SAMELETYPES: .  suern TESTS: w.c. WATER CONTENT (%)
GOOD Bl SPLIT BARREL T.  TORVANE (TSF)
V; IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCK CORE SIZE
ELEV. | DEPTH | S.P.T S i
Fry | 1) | elows MATERIAL DESCRIPTION con | Mo Trec| TesTs REMARKS
—~ | TYPE | (%)
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STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION

FIELD BORING LOG

FORM 675-020-12
MATERIALS

SHEET 2. OF LSI?M
PROJECT NO. NAME COUNTY DISTRICT
LOCATION - TOWNSHIP RANGE SECTION
ROAD NUMBER / _ s SURFACE ELEVATION
EQUIPMENT TYPE NINA j(&/iqo. sorNG No. 773 ( 7-1)
DATE STARTED / 'COMPLETED DRILLED BY
—
LOGGED BY BORING TYPE: AUGER, WASHED, PERCUSSION, ROTARY,
CASED, UNCASED, DRILLING MUD,
WATER TABLE: 0 HR. 24 HRS. HRS.
SAMPLE CONDITIONS: srsripppy SEMBLETNPES: s TESTS: . WATER CONTENT (%)
S n
/] coop SB: SPLIT BARREL T TORVANE(TSF)
v IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCKCORE SIZE
ELEV. | DEPTH | SP.T sl
) | ¢y | elows MATERIAL DESCRIPTION on | NO. [REC | TESTS BEMARKS
21 ON-1 1vee | (%)
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STATE OF FLORIDA DEPARTMENT Ol

FIELD BORING LOG

FORM 675-020-12
MATERIALS

F TRANSPORTATION

SHEET 2 OF j
PROJECT NO. NAME COUNTY DISTRICT
LOCATION N\ TOWNSHIP RANGE SECTION
ROAD NUMBER - A SURFACE ELEVATION
= VN =2 (T
EQUIPMENT TYPE L ‘ /Y1 I _RIGNO BORING NO. 3 (7~
N o N = e =
DATE STARTED COMPLETED DRILLED BY
LOGGED BY BORING TYPE: AUGER, WASHED, PERCUSSION, ROTARY,
CASED, UNCASED, DRILLING MUD,
WATER TABLE: O HR. 24 HRS. HRS.
SAMPLE CONDITIONS: DISTURBED SAMPLE TYPES: A AUGER TESTS: W.C: WATER CONTENT (%)
- E
GOOD SB: SPLIT BARREL T TORVANE (TSF)
Y IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCKCORE ____ SIZE
ELEV. | DEPTH | SP.T SAMPLES
1) | #7) | sLows MATERIAL DESCRIPTION con.| No. [rec. TESTS REMARKS
LB TYPE | (%)
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STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION

FIELD BORING LOG

FORM 675-020-12

MATERIALS
SHEET Z OF ;

||||||||{||||||||r

||||||||||||||||||||I||| cot

PROJECT NO. NAME COUNTY DISTRICT
LOCATION — TOWNSHIP RANGE SECTION
ROAD NUMBER % ; e, SURFACE ELEVATION
~7 N Y il e q
EQUIPMENT TYPE VAN IRYA V RIG NO. BORING NO. == A [77_ \
E 7 — — —
DATE STARTED COMPLETED DRILLED BY
LOGGED BY BORING TYPE: AUGER, WASHED, PERCUSSION, ROTARY,
CASED, UNCASED, DRILLING MUD,
WATER TABLE: OHR. 24 HRS. HRS.
SAMPLE CONDITIONS: mesrorapy SAMBLETYRER .\ ees TESTS: wG: WATER CONTENT (%)
GOOD SB: SPLIT BARREL T. TORVANE (TSF)
V: IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCKCORE SIZE
ELEV. | DEPTH | SP.T Saula oy
) | 1) |Blows MATERIAL DESCRIPTION ~on| No. [rec. TESTS REMARKS
o2 . 1 TYPE | (%)
I 4 [m49 (bo| s -
b\ S /£ ok
[Py I [ —— e
Wl —
1?2 oudlo -
1 “r T
’r; - PRI i T &=
L.‘ F] ,,7 —— | ) \ "'5}. ”- —— ..T.h_, ;
£ R Gl l Q-'V\ S\ ,Jf\]{ %O'.\{n‘v-(‘ / 3 S\”‘m’({ A
ir? ¥ -7 - /] 7 [
Z;}'l gy | et
il
“I‘ j RN S— S
1.0 =
=TT {01 ’ R f/_‘ %) P I
\ 7 . Y AR { r
M\ Vi A ¢ 4 i 2 IR ] S S el
’ '4 & w __3\/) //\_A f ;’y———" ?j{_} > i

o0
(o.¢]

RECYCLED PAPER e




STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION FORM 675-020-12

FIELD BORING LOG i
SHEET ' OF
PROJECT NO. NAME Mo\ev’ (ocd Ple ResesrGOUNTY  Lac DISTRICT 5
T % _ T o = e ——
LOCATION Chkorimplre. L © TOWNSHIP RANGE SECTION
% ]
ROAD NUMBER SURFACE ELEVATION
EQUIPMENTTYPE (g 75 RIGND. 2loec 5 BORINGNO. ='¢/ (-2
DATESTARTED 9//3/70l\0 COMPLETED DRILLEDBY /3riccc /r yle
LOGGEDBY T lion [/1od,) BORING TYPE: AUGER, WASHED, PERCUSSION, ROTARY,
CASED, UNCASED, DRILLING MUD,
WATER TABLE: OHR. 24 HRS. HRS.
SAMPLE CONDITIONS: oieipry SOMEEETNRESE o e TESTS: wc.: WATER CONTENT (%)
GOOD (SB) SPLIT BARREL T TORVANE (TSF)
Vi IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCK CORE SIZE
ELEV. | DEPTH | SP.T AMELES
) | &y | slows MATERIAL DESCRIPTION con | No. [rec TESTS REMARKS
~ | TYPE | (%)
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STATE OF FLCRIDA DEPARTMENT CF TRANSPORTATION FORM 675-020-12
FIELD BORING LOG e
sieer /. oF P
PROJECT NO. NAME COUNTY DISTRICT
LOCATION TOWNSHIP RANGE SECTION
ROAD NUMBER L ‘A o /7 SURFACE ELEVATION R
N\ 7
EQUIPMENT TYPE —\( :{ 1V \slno. BORINGNO, 74 4 (/-2
DATE STARTED ~—"  COMPLETED DRILLED BY
LOGGED BY BORING TYPE: AUGER, WASHED, PERCUSSION, ROTARY,
CASED, UNCASED, DRILLING MUD,
WATER TABLE; 0 HR. 24 HRS. HRS.
SAMPLE CONDITIONS: bisTURBED SAMPLETYPES: \ oo TESTS: yyc: WATER CONTENT (%)
GOOD SB:  SPLIT BARREL T.  TORVANE (TSF)
Vv IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCK CORE SIZE
ELEV. | DEPTH | SP.T SAMELES
0 | #1) | sLows MATERIAL DESCRIPTION con | No_ |Rec| TesTs REMARKS
@) : , TYPE | (%)
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STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION

FIELD BORING LOG

S

HEET

FORM 675-020-12
MATERIALS

1 w_ﬁfm

PROJECT NO.

LOCATION Oleainump'ce

i
I}

ol L

ROAD NUMBER

RANGE
SURFACE ELEVATION

NAME AM._(W ces)- Pile  Q eSenviCOUNTY Loke DISTRICT __ 5

TOWNSHIP SECTION

EQUIPMENTTYPE LIAE - 5 RIGNO, Zloos BORINGNO. 74 {C-27)
DATE STARTED o'l f;l"’ f?" f '/} COMPLETED “-7'3‘ il e DRILLED BY :_“- e, R
LoGGED BY TniYen [TadA BORING TYPE: AUGER, WASHED, PERCUSSION, ROTARY,,
4 - ™
CASED, UNCASED, DRILLING MUD,
WATER TABLE: O HR. 24 HRS. HRS. N——.
SAMPLE CONDITIONS: pisTurpep SAMELETYPES: o aycer  IESTE.w.c.: WATER CONTENT (%)
'/ A N
/] coop $B:) SPLIT BARREL T. TORVANE (TSF)
~ V: IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCK CORE SIZE
ELEV. | DEPTH | S.P.T : DhE
) | FTy | eLows MATERIAL DESCRIPTION con| No. [Rec| TesTs REMARKS
o TYPE | (%)
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STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION

FORM 675-020-12

FIELD BORING LOG A kbt
SHEET A OF L
PROJECT NO. NAME COUNTY DISTRICT
LOCATION TOWNSHIP RANGE SECTION
ROAD NUMBER : ! \ A A SURFACE ELEVATION
. — -
EQUIPMENT TYPE A RIGNO, || BORING NO. 755 (0 -7
DATE STARTED COMPLETED [ \ T DRILLED BY
LOGGED BY “~~.___BORING TYPE: AUGER, WASHED, PERCUSSION, ROTARY,
CASED, UNCASED, DRILLING MUD,
WATER TABLE: 0 HR. 24 HRS. HRS.
SAMPLE CONDITIONS: BESTUREED, AOMPETYPES: o e IESTS. . WATER CONTENT (%)
GOOD SB: SPLIT BARREL T TORVANE (TSF)
v IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCK CORE SIZE
SAMPLES
ELEV. | DEPTH | SPT.
FT) | FT) |BLOWS MATERIAL DESCRIPTION NO. | REC.| TESTS REMARKS
: : CON 3 ;
g TYPE | (%)
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STATE OF FLORIDA DEPARTMEN

T OF TRANSPORTATION

FORM 675-020-12

FIELD BORING LOG WATERALS
T
SHEET ;% oF
PROJECT NO. NAME COUNTY DISTRICT
LOCATION TOWNSHIP RANGE SECTION
ROAD NUMBER SURFACE ELEVATION
3 i - P, [N
EQUIPMENT TYPE 7\ RIG NO. BORINGNO. = £ {C-2.\
DATE STARTED ,COMPLETED DRILLED BY
LOGGED BY BORING TYPE: AUGER, WASHED, PERCUSSION, ROTARY,
CASED, UNCASED, DRILLING MUD,
WATER TABLE: OHR. 24 HRS. HRS.
SAMPLE CONDITIONS: DISTURBED SAMPLETYPES: \  \ ~co TESTS: WG WATER CONTENT (%)
7 =
GOOD SB: SPLIT BARREL T TORVANE (TSF)
\Y; IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCKCORE _____ SIZE
ELEV. | DEPTH | SP.T S Ee
) | ¢1) | BLows MATERIAL DESCRIPTION con. | No- | Rec. TESTS REMARKS
e | TYPE | (%)
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STATE CF FLORIDA DEPARTMENT OF TRANSPORTATION

FIELD BORING LOG

FORM 675-020-12
MATERIALS

08100
SHEET %/ oF 4

PROJECT NO. NAME COUNTY DISTRICT
LOCATION TOWNSHIP RANGE SECTION
ROAD NUMBER SURFACE ELEVATION
EQUIPMENT TYPE RIG NO. BORINGNO. 5 (c-2
DATE STARTED COMPLETED DRILLED BY ' g
LOGGED BY BORING TYPE: AUGER, WASHED, PERCUSSION, ROTARY,
CASED, UNCASED, DRILLING MUD,
WATER TABLE: O HR. 24 HRS. HRS.
SAMPLE CONDITIONS: DISTURRED SAMPLETYPES: \  , cco TESTS. W, WATER CONTENT (%)
L .
/] coop SB: SPLIT BARREL T TORVANE (TSF)
V: IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCK CORE SIZE
ELEV. | DEPTH | SP.T =AMPLES
) | 1) |elows MATERIAL DESCRIPTION ~on.| _No. [rec. TESTS REMARKS
| PN ; TYPE (%)
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STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION FORM 675-020-12

FIELD BORING LOG . T e

| SHEET _ | OF L,[
PROJECT NO. NAME Auiecy ot T i ReiedoQuNTY Lok DISTRICT __ %
LOCATION Alahnunmdigon, FL TOWNSHIP RANGE SECTION
ROAD NUMBER : SURFACE ELEVATION ]
EQUIPMENTTYPE [ILE - 775 RIGNO., 2,00 BORINGNO. <= [~ (-7
DATE STARTED 4?/!“;’ j200 compLETED 7 /74 [ 7201 DRILLEDBY Byretie [ =vic
LOGGEDBY Toddl {Dation BORING TYPE: | AUGER, WASHED, PERCUSSION, ROTARY.)

CASED, UNCASED, DR _Eﬁc;rgun,

WATER TABLE: O HR. 24 HRS. HRS.

SAMPLE CONDITIONS: siErpsen SAMPLETYRES: , | s TESTS: . WATER CONTENT (%)
4 - ,
/] coop 'SB) SPLIT BARREL T: TORVANE(TSF)
e \ IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCK CORE SIZE
ELEV. | DEPTH | SP.T SAMPLES
s i | TYPE | (%)
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STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION

FIELD BORING LOG

FORM 675-020-12
MATERIALS

08/99
2 or 4

SHEET
PROJECT NO. NAME COUNTY DISTRICT
LOCATION TOWNSHIP RANGE SECTION
K
ROAD NUMBER Mo o e N SURFACE ELEVATION
NEovy vy (I
EQUIPMENT TYPE VA TVY rieno BORINGNO. 4. \o( T-2)
~
DATE STARTED ho” COMPLETED DRILLED BY
LOGGED BY BORING TYPE: AUGER, WASHED, PERCUSSION, ROTARY,
CASED, UNCASED, DRILLING MUD,
WATER TABLE: 0 HR. 24 HRS. HRS.
SAMPLE CONDITIONS: DISTURBED SAMPLE TYPES: A AUGER TESTS: W.C.: WATER CONTENT (D/U)
Y 3
] coop SB: SPLIT BARREL K TORVANEATSF)
V. IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCKCORE ____ SIZE
SAMPLES
ELEV. | DEPTH | S.P.T. MATERIAL DESCRIPTION TESTS REMARKS
Ty | FT) |BLOWS con.| No. | rec.
2P , TYPE | (%)
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STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION

FIELD BORING LOG

FORM 676-020-12
MATERIALS

Y OF ‘;

SHEET
PROJECT NO. NAME Buuaey CoSs mils COUNTY DISTRICT
LOCATION < TOWNSHIP RANGE SECTION
ROAD NUMBER / L oy SURFACE ELEVATION
.. g P& | P,
EQUIPMENT TYPE ~.{ A RIG NO. BORING NO. =", -2\
DATE STARTED - COMPLETED DRILLED BY |
LOGGED BY BORING TYPE: AUGER, WASHED, PERCUSSION, ROTARY,
CASED, UNCASED, DRILLING MUD,
WATER TABLE: OHR. 24 HRS. HRS.
SAMPLE CONDITIONS: DISTURBED SAMELE THPEE . AIGER TESTS: G WATER CONTENT (%)
L 3
/] coop SB: SPLIT BARREL I TORVANE(LSF)
V: IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
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STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION

FORM 675-020-12

FIELD BORING LOG M“TERK;;
VA
SHEET LP[ OF /
|PROJECT NO. NAME COUNTY DISTRICT
LOCATION _TOWNSHIP RANGE SECTION
ROAD NUMBER o ~ LA L SURFACE ELEVATION
- N 7 i/ { | —— LI [—
EQUIPMENT TYPE i | / y @G NO. BORINGNO. Fils (i~ )
\/\' \ ! ) 2 ~— #
DATE STARTED ‘COMPLETED DRILLED BY
LOGGED BY BORING TYPE: AUGER, WASHED, PERCUSSION, ROTARY,
CASED, UNCASED, DRILLING MUD,
WATER TABLE: O0HR. 24 HRS. HRS.
SAMPLE CONDITIONS;: BiETUBHED SAMPLE TYPES: P . TESTS: wc- WATER CONTENT (%)
L7 4
] coop SB: SPLIT BARREL T: TORVANE (TSF)
\V; IN-SITU VANE TEST (TSF)
LOST S:  SHELBY TUBE
CORE SAMPLE RC: ROCK CORE SIZE
ELEV. | DEPTH | S.P.T ' SANPLES
#T) | 1) |BLOWS MATERIAL DESCRIPTION - NO. | REC. TESTS REMARKS
i | TYPE | (%)
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Florida Department of Transportation Pile Number / ID: 700-011-03
Auger Cast-In-Place Pile Installation Record c1 Construction
Worksheet 01/16
PROJECT: Comments: Page: 1
FP ID Number: 86 166 18" Compression Test Pile Number / ID: C1
Project Descr.: DFI Research Project Pile Location: Okahumpka FL
Contractor: DFI ACIP Pile Committee Installation Date: 10/27/16
Structure No./ID: Test Area Inspector (s): Clay Davis
THEORETICAL: calculated OGF Vol. & Strokes THEOR.
Segment / Incr. OGF VOL. | PUMP 100% Vol. Segment Length (ft): 5.00 PUMP CALIBRATION
Length (ft) (%) (cuft) |STROKES (cu ft) ol Reduced OGF (Top 5 ft Segment only): 1.05 VOLUME of Container (cu ft): 5.50
1 ft INCREMENT: 2.03 3 1.77 O| Overgrout Factor OGF (Below 5 ft depth): 1.15 STROKES to Fill Cont. (strokes): 7
115 3| Min. Req'd Grout Head (ft): 5.00 PUMP CAL (cu ft/stroke): 0.79
5ft *SEGMENT(s): 10.16 13 8.84 i Theor. Initial Pump Count (strokes): 12
5 ft Top SEGMENT: 105 9.28 12 8.84 Pressure Gage Location (descr.):
PILE Vol. & Stroke TOTALS: 121.05 155 106.03 Grout Design Strength (psi): 6000 Design Capacity:l 220 tons
*Qty of (11) full 115%-OGF, 5-ft segments, in this 60-ft pile [ below the top (1) 5-ft Reduced OGF segment ]
INSTALLATION DATA Actual Pile Length (ft) & Segment Length (ft) input complete.
b Plan Top Elev. (ft, NGVD): 141.00 Table rows for the Pile & Segment Lengths input complete.
L PlanLength (ft): 60.00 Table input of the table PUMP COUNT data, for the bottom/1st lift is complete.
ﬁ Plan Tip Elev. (ft, NGVD): 81.00 E Actual Pile Diameter = Plan Pile Diameter, meets 455 spec.
Plan Dia. (ft): 1.50 g |Flow Cone Test, FAILED (Consistency < 21 sec)
GSE (ft, NGVD): 140.00 D [Note: ACTUAL initial pump count OK, >or = THEORETICAL (Min. Req'd Grout Head)
Drilling START (time): 9:45 AM B |Actual Grout volume placed is OK. All incr. segments are > or = the min. Theoretical OGF volume req'd.
p Auger Rate (rpf): é Grout Return > or = the 'Min. Req'd Grout Head' ( 5 ft ) input above.
'? Drilling FINISH (time): 9:52 AM K Reinforcement Placement Time, 10 min, meets 455 spec limit ( < or = 30 min ).
L Driling TIME (min.): 7 Follow-up to verify the Grout meets the Minimum Required Strength.
% Actual Pile Dia. (ft): 1.50
N Actual Pile Top Elev. (ft, NGVD): 141.00
G Overburden Length (above Plan Top) (ft): n/a Type of PUMP COUNT input = 'INCREMENTAL': I GROUT VOLUMES
Actual Pile Length (below Pile Top)(ft): | 60.00 | DEPTH (ft) SEGMENT | SOIL | GROUT PUMP COUNT INCREMENTAL ACCRUED
Actual Tip Elev. (ft, NGVD): 81.00 Below Top of EL Cond. | Pressure INCR. | ACCRUED | Theor. Actual Actual
Plant No.: 1 or 2 Concr. Trucks:l 2 | E{ Top - Segment | (ft, NGVD) | S,M,orH (psi) (Per5ft) (SUM) (cu ft) (cu ft) % Theor. (cu ft)
T2 Start Depth (ft): 2nd Truck 1st Truck | 0 (Pile TOP ) 141.00 Soil Cond.: Start input at Pile TOP, Grout Pump Count: start input at Pile BOTTOM.
Delivery Ticket No.: 41401202 41401201 L 5 0 136.00 185 13 178 8.84 10.21 116% 139.86
Batch (time): 8:23 AM 8:20 AM L 10 5 131.00 185 13 165 8.84 10.21 116% 129.64
Arrive (time): 9:16 AM 8:43 AM I 15 10 126.00 185 14 152 8.84 11.00 124 % 119.43
Flow Cone Test (sec): 15 18 g 20 15 121.00 185 13 138 8.84 10.21 116 % 108.43
G Grout Temp. (°F): 25 20 116.00 185 13 125 8.84 10.21 116% 98.21
g Grout Cylinders LOT (ID): Sample 4 & 30 25 111.00 185 14 112 8.84 11.00 124 % 88.00
u Placement START (time): 9:54 AM 9:52 AM 35 30 106.00 185 14 98 8.84 11.00 124% 77.00
T Starting Pressure (psi): 185 185 G 40 35 101.00 185 13 84 8.84 10.21 116 % 66.00
Actual Initial Pump Count (strokes): 13 2 45 40 96.00 185 13 71 8.84 10.21 116 % 55.79
Auger Depth @ Grout Return (ft): 10.0 U 50 45 91.00 185 13 58 8.84 10.21 116% 4557
Truck Empty (time): 9:54 AM T 55 50 86.00 185 14 45 8.84 11.00 124 % 35.36
Placement FINISH (time): 9:55 AM 9:54 AM | 60 55 81.00 185 31 31 8.84 2436 276% 24.36
Placement TIME (min.): 1 2 g
Mixer TIME (min.): 94
s Reinf. Condition Satisfactory? (Y or N): Y T
'E" Reinf. Placement START (time): 9:55 AM A
g Reinf. Placement FINISH (time): 10:05 AM B
L Reinf. Comments: | #11 Centerbar - 8x#8 Cage x 35 ft E
T Check GROUT STRENGTH TESTING Results
E Does the Grout Meet the 2nd Truck 1st Truck
S Minimum Required Stength? (Y
T orN): 6650 Pile BOTTOM @ depth = 60 ft 178 106.03 132 % 139.86
Comments: Total Pump Strokes Total Theor. Vol. (cf) Actual/Theor. (%) Actual (cf)
—— Actual Curve
Auger Cast Pile - Grout Curves e Theoretical Curve
70
GROUT VOLUME PLACEMENT RESULTS
VOLUMES (cu ft) % THEORETICAL ACCEPTANCE 60
SESMENT " Actual | Theor. | OGF [ % Theor. weover | M0% [ o | 20
Placed Vol. % | Actual/Theor Placed g T
TOP 54t | 1021 | 884 | 105 | 116% | 11% | 116% | Pass | | 340
BELOW 5-ft 129.64 97.19 115 133 % 18 % 116 % | Pass § 30 | /
Total Pile | 139.86 | 106.03 | 114 | 132% Pile Pass/Fail: Pass| | 8 /
£20
FINAL ACEPTANCE [ Pile Not Yet Accepted L -
Accepted or Rejected ? (input "A" or "R"): & /
Pile Acceped or Rejected (date): 0
LS 0 20 40 60 80 100 120 140 160
] 00 Grout Volume (cu ft)




Florida Department of Transportation Pile Number / ID: 700-011-03
Auger Cast-In-Place Pile Installation Record c2 Construction
Worksheet 01/16
PROJECT: Comments: Page: 1
FP ID Number: 86 166 24" Compression Test Pile Number / ID: c2
Project Descr.: DFI Research Project Pile Location: Okahumpka FL
Contractor: DFI ACIP Pile Committee Installation Date: 10/27/16
Structure No./ID: Test Area Inspector (s): Clay Davis
THEORETICAL: calculated OGF Vol. & Strokes THEOR.
Segment / Incr. OGF VOL. | PUMP 100% Vol. Segment Length (ft): 5.00 PUMP CALIBRATION
Length (ft) (%) (cuft) |STROKES (cu ft) ol Reduced OGF (Top 5 ft Segment only): 1.05 VOLUME of Container (cu ft): 5.50
1 ft INCREMENT: 3.61 5 3.14 O| Overgrout Factor OGF (Below 5 ft depth): 1.15 STROKES to Fill Cont. (strokes): 7
115 3| Min. Req'd Grout Head (ft): 5.00 PUMP CAL (cu ft/stroke): 0.79
5ft *SEGMENT(s): 18.06 23 15.71 i Theor. Initial Pump Count (strokes): 20
5 ft Top SEGMENT: 105 16.49 21 15.71 Pressure Gage Location (descr.):
PILE Vol. & Stroke TOTALS: 215.20 274 188.50 Grout Design Strength (psi): 6000 Design Capacity:l 285 tons
*Qty of (11) full 115%-OGF, 5-ft segments, in this 60-ft pile [ below the top (1) 5-ft Reduced OGF segment ]
INSTALLATION DATA Actual Pile Length (ft) & Segment Length (ft) input complete.
b Plan Top Elev. (ft, NGVD): 141.00 Table rows for the Pile & Segment Lengths input complete.
L PlanLength (ft): 60.00 Table input of the table PUMP COUNT data, for the bottom/1st lift is complete.
ﬁ Plan Tip Elev. (ft, NGVD): 81.00 E Actual Pile Diameter = Plan Pile Diameter, meets 455 spec.
Plan Dia. (ft): 2.00 g |Flow Cone Test, FAILED (Consistency < 21 sec)
GSE (ft, NGVD): 140.00 D [Note: ACTUAL initial pump count OK, >or = THEORETICAL (Min. Req'd Grout Head)
Drilling START (time): 12:07 PM B |Actual Grout volume placed is OK. All incr. segments are > or = the min. Theoretical OGF volume req'd.
p Auger Rate (rpf): é Grout Return > or = the 'Min. Req'd Grout Head' ( 5 ft ) input above.
'? Drilling FINISH (time): 12:14 PM K Reinforcement Placement Time, 13 min, meets 455 spec limit ( < or = 30 min ).
L Driling TIME (min.): 7 Follow-up to verify the Grout meets the Minimum Required Strength.
% Actual Pile Dia. (ft): 2.00
N Actual Pile Top Elev. (ft, NGVD): 141.00
G Overburden Length (above Plan Top) (ft): n/a Type of PUMP COUNT input = 'INCREMENTAL': I GROUT VOLUMES
Actual Pile Length (below Pile Top)(ft): | 60.00 | DEPTH (ft) SEGMENT | SOIL | GROUT PUMP COUNT INCREMENTAL ACCRUED
Actual Tip Elev. (ft, NGVD): 81.00 Below Top of EL Cond. | Pressure INCR. | ACCRUED | Theor. Actual Actual
Plant No.: 1 or 2 Concr. Trucks:l 2 | E{ Top - Segment | (ft, NGVD) | S,M,orH (psi) (Per5ft) (SUM) (cu ft) (cu ft) % Theor. (cu ft)
T2 Start Depth (ft): 2nd Truck 1st Truck | 0 (Pile TOP ) 141.00 Soil Cond.: Start input at Pile TOP, Grout Pump Count: start input at Pile BOTTOM.
Delivery Ticket No.: 41401209 41401206 L 5 - 0 136.00 185 32 348 15.71 25.14 160 % 273.43
Batch (time): 10:40 AM 9:48 AM L 10 - 5 131.00 185 29 316 15.71 2279 145% 248.29
Arrive (time): 11:20 AM 10:11 AM I 15 10 126.00 185 37 287 15.71  29.07 185% 225.50
Flow Cone Test (sec): 15 17 g 20 15 121.00 185 26 250 15.71 20.43 130% 196.43
G Grout Temp. (°F): 25 20 116.00 185 28 224 15.71 22.00 140% 176.00
g Grout Cylinders LOT (ID): Sample 7 & 30 25 111.00 185 32 196 15.71 25.14 160 % 154.00
u Placement START (time): 12:20 PM 12:14 PM 35 30 106.00 185 25 164 15.71 19.64 125% 128.86
T Starting Pressure (psi): 185 185 S 40 35 101.00 185 23 139 15.71 18.07 115% 109.21
Actual Initial Pump Count (strokes): 22 0 45 40 96.00 185 24 116 15.71 1886 120% 91.14
Auger Depth @ Grout Return (ft): 8.0 u 50 45 91.00 185 23 92 15.71 18.07 115% 72.29
Truck Empty (time): 12:20 PM T 55 50 86.00 185 24 69 15.71 18.86 120% 54.21
Placement FINISH (time): 12:22 PM 12:20 PM | 60 55 81.00 185 45 45 15.71 3536 225% 35.36
Placement TIME (min.): 2 6 g
Mixer TIME (min.): 152
s Reinf. Condition Satisfactory? (Y or N): Y T
'E" Reinf. Placement START (time): 12:22 PM A
g Reinf. Placement FINISH (time): 12:35 PM B
L Reinf. Comments: | #11 Centerbar - 12x#8 Cage x 35 ft E
T Check GROUT STRENGTH TESTING Results
E Does the Grout Meet the 2nd Truck 1st Truck
S Minimum Required Stength? (Y
T orN): 6070 Pile BOTTOM @ depth = 60 ft 348 188.50 145 % 273.43
Comments: Total Pump Strokes Total Theor. Vol. (cf) Actual/Theor. (%) Actual (cf)
—— Actual Curve
Auger Cast Pile - Grout Curves e Theoretical Curve
70
GROUT VOLUME PLACEMENT RESULTS
VOLUMES (cu ft) % THEORETICAL ACCEPTANCE 60
SESMENT " Actual | Theor. | OGF [ % Theor. Min. % ~ 5 "
: % Over P/F =
Placed Vol. % | Actual/Theor Placed -
TOP 5-t 2514 | 1571 | 105 | 160% | 55% | 160% | Pass | | 540 o
BELOW 54t | 24829 | 172.79 | 115 | 144% | 20% | 115% | Pass | | 5 P —
. . - g 30 g
Total Pile 27343 | 188.50 | 114 145 % Pile Pass/Fail: Pass k) /
£20
FINAL ACEPTANCE | Pile Not Yet Accepted a 0
Accepted or Rejected ? (input "A" or "R"):
Pile Acceped or Rejected (date): 0 #=
LS 0 50 100 150 200 250 300
]0] Grout Volume (cu ft)




Florida Department of Transportation Pile Number / ID: 700-011-03
Auger Cast-In-Place Pile Installation Record T Construction
Worksheet 01/16
PROJECT: Comments: Page: 1
FP ID Number: 86 166 18" Tension Test Pile Number / ID: T1
Project Descr.: DFI Research Project Pile Location: Okahumpka FL
Contractor: DFI ACIP Pile Committee Installation Date: 10/27/16
Structure No./ID: Test Area Inspector (s): Clay Davis
THEORETICAL: calculated OGF Vol. & Strokes THEOR.
Segment / Incr. OGF VOL. | PUMP 100% Vol. Segment Length (ft): 5.00 PUMP CALIBRATION
Length (ft) (%) (cuft) |STROKES (cu ft) ol Reduced OGF (Top 5 ft Segment only): 1.05 VOLUME of Container (cu ft): 5.50
1 ft INCREMENT: 2.03 3 1.77 O| Overgrout Factor OGF (Below 5 ft depth): 1.15 STROKES to Fill Cont. (strokes): 7
115 3| Min. Req'd Grout Head (ft): 5.00 PUMP CAL (cu ft/stroke): 0.79
5ft *SEGMENT(s): 10.16 13 8.84 i Theor. Initial Pump Count (strokes): 12
5 ft Top SEGMENT: 105 9.28 12 8.84 Pressure Gage Location (descr.):
PILE Vol. & Stroke TOTALS: 121.05 155 106.03 Grout Design Strength (psi): 6000 Design Capacity:l 205 tons
*Qty of (11) full 115%-OGF, 5-ft segments, in this 60-ft pile [ below the top (1) 5-ft Reduced OGF segment ]
INSTALLATION DATA Actual Pile Length (ft) & Segment Length (ft) input complete.
b Plan Top Elev. (ft, NGVD): 141.00 Table rows for the Pile & Segment Lengths input complete.
L PlanLength (ft): 60.00 Table input of the table PUMP COUNT data, for the bottom/1st lift is complete.
ﬁ Plan Tip Elev. (ft, NGVD): 81.00 E Actual Pile Diameter = Plan Pile Diameter, meets 455 spec.
Plan Dia. (ft): 1.50 g |Flow Cone Test, FAILED (Consistency < 21 sec)
GSE (ft, NGVD): 140.00 D [Note: ACTUAL initial pump count OK, >or = THEORETICAL (Min. Req'd Grout Head)
Drilling START (time): 10:19 AM B |Actual Grout volume placed is OK. All incr. segments are > or = the min. Theoretical OGF volume req'd.
p Auger Rate (rpf): é Grout Return > or = the 'Min. Req'd Grout Head' ( 5 ft ) input above.
'? Drilling FINISH (time): 10:28 AM K Reinforcement Placement Time, 5 min, meets 455 spec limit ( < or = 30 min ).
L Driling TIME (min.): 9 Grout meets the Minimum required Strength.
% Actual Pile Dia. (ft): 1.50
N Actual Pile Top Elev. (ft, NGVD): 141.00
G Overburden Length (above Plan Top) (ft): n/a Type of PUMP COUNT input = 'INCREMENTAL': I GROUT VOLUMES
Actual Pile Length (below Pile Top)(ft): | 60.00 | DEPTH (ft) SEGMENT | SOIL | GROUT PUMP COUNT INCREMENTAL ACCRUED
Actual Tip Elev. (ft, NGVD): 81.00 Below Top of EL Cond. | Pressure INCR. | ACCRUED | Theor. Actual Actual
Plant No.: | 1 or 2 Concr. Trucks:l 1 | E{ Top - Segment | (ft, NGVD) | S,M,orH (psi) (Per5ft) (SUM) (cu ft) (cu ft) % Theor. (cu ft)
1st Truck | 0 (Pile TOP ) 141.00 Soil Cond.: Start input at Pile TOP, Grout Pump Count: start input at Pile BOTTOM.
Delivery Ticket No.: | | [ 41401202 L| 5 0 13600 185 18 188 884 1414 160% 147.71
Batch (time): 8:23 AM L 10 5 131.00 185 18 170 8.84 14.14 160 % 133.57
Arrive (time): 9:16 AM I 15 10 126.00 185 14 152 8.84 11.00 124 % 119.43
Flow Cone Test (sec): 15 g 20 15 121.00 185 13 138 8.84 10.21 116 % 108.43
G Grout Temp. (°F): 25 20 116.00 185 13 125 8.84 10.21 116% 98.21
g Grout Cylinders LOT (ID): Sample 5 & 30 25 111.00 185 14 112 8.84 11.00 124 % 88.00
u Placement START (time): 10:28 AM 35 30 106.00 185 14 98 8.84 11.00 124% 77.00
T Starting Pressure (psi): 185 G 40 35 101.00 185 13 84 8.84 10.21 116 % 66.00
Actual Initial Pump Count (strokes): 13 2 45 40 96.00 185 14 71 8.84 11.00 124 % 55.79
Auger Depth @ Grout Return (ft): 5.0 u 50 45 91.00 185 13 57 8.84 10.21 116% 44.79
Truck Empty (time): 10:32 AM T 55 50 86.00 185 14 44 8.84 11.00 124 % 34.57
Placement FINISH (time): 10:32 AM | 60 55 81.00 185 30 30 8.84 23.57 267 % 23.57
Placement TIME (min.): 4 g
Mixer TIME (min.): 129
s Reinf. Condition Satisfactory? (Y or N): Y T
'E" Reinf. Placement START (time): 10:32 AM A
g Reinf. Placement FINISH (time): 10:37 AM B
L Reinf. Comments: | 3" Centerbar E
T Check GROUT STRENGTH TESTING Results
E Does the Grout Meet the 1st Truck
S Minimum Required Stength? (Y
T orN): 6910 Pile BOTTOM @ depth = 60 ft 188 106.03 139 % 14777
Comments: Total Pump Strokes Total Theor. Vol. (cf) Actual/Theor. (%) Actual (cf)
—— Actual Curve
Auger Cast Pile - Grout Curves e Theoretical Curve
70
GROUT VOLUME PLACEMENT RESULTS
VOLUMES (cu ft) % THEORETICAL ACCEPTANCE 60
SESMENT " Actual | Theor. | OGF [ % Theor. weover | M0% [ o | 20
Placed Vol. % | Actual/Theor Placed g T
TOP 5ft | 1414 | 884 | 105 | 160% | 55% | 160% | Pass | 540
BELOW 5-ft 133.57 97.19 115 137 % 22 % 116 % | Pass § 30 | /
Total Pile | 147.71 | 106.03 | 114 | 139 % Pile Pass/Fail: Pass| | 8 /
£20
FINAL ACEPTANCE | Pile Not Yet Accepted a 0 ; /
Accepted or Rejected ? (input "A" or "R"): i /
Pile Acceped or Rejected (date): 0 4=
LS 0 20 40 60 80 100 120 140 160
] 02 Grout Volume (cu ft)




Florida Department of Transportation Pile Number / ID: 700-011-03

Auger Cast-In-Place Pile Installation Record T2 Construction
Worksheet 01/16
PROJECT: Comments: Page: 1
FP ID Number: 86 166 24" Tension Test Pile Number / ID: T2
Project Descr.: DFI Research Project Pile Location: Okahumpka FL
Contractor: DFI ACIP Pile Committee Installation Date: 10/27/16
Structure No./ID: Test Area Inspector (s): Clay Davis
THEORETICAL: calculated OGF Vol. & Strokes THEOR.
Segment / Incr. OGF VOL. | PUMP 100% Vol. Segment Length (ft): 5.00 PUMP CALIBRATION
Length (ft) (%) (cuft) |STROKES (cu ft) ol Reduced OGF (Top 5 ft Segment only): 1.05 VOLUME of Container (cu ft): 5.50
1 ft INCREMENT: 3.61 5 3.14 O| Overgrout Factor OGF (Below 5 ft depth): 1.15 STROKES to Fill Cont. (strokes): 7
115 3| Min. Req'd Grout Head (ft): 5.00 PUMP CAL (cu ft/stroke): 0.79
5ft *SEGMENT(s): 18.06 23 15.71 i Theor. Initial Pump Count (strokes): 20
5 ft Top SEGMENT: 105 16.49 21 15.71 Pressure Gage Location (descr.):
PILE Vol. & Stroke TOTALS: 215.20 274 188.50 Grout Design Strength (psi): 6000 Design Capacity:l 265 tons
*Qty of (11) full 115%-OGF, 5-ft segments, in this 60-ft pile [ below the top (1) 5-ft Reduced OGF segment ]
INSTALLATION DATA Actual Pile Length (ft) & Segment Length (ft) input complete.
b Plan Top Elev. (ft, NGVD): 141.00 Table rows for the Pile & Segment Lengths input complete.
L PlanLength (ft): 60.00 Table input of the table PUMP COUNT data, for the bottom/1st lift is complete.
ﬁ Plan Tip Elev. (ft, NGVD): 81.00 E Actual Pile Diameter = Plan Pile Diameter, meets 455 spec.
Plan Dia. (ft): 2.00 g |Flow Cone Test, FAILED (Consistency < 21 sec)
GSE (ft, NGVD): 140.00 D [Note: ACTUAL initial pump count OK, >or = THEORETICAL (Min. Req'd Grout Head)
Drilling START (time): 12:35 PM B |Actual Grout volume placed is OK. All incr. segments are > or = the min. Theoretical OGF volume req'd.
p Auger Rate (rpf): é Grout Return > or = the 'Min. Req'd Grout Head' ( 5 ft ) input above.
'? Drilling FINISH (time): 12:43 PM K Reinforcement Placement Time, -15 min, meets 455 spec limit ( < or = 30 min ).
L Driling TIME (min.): 8 Follow-up to verify the Grout meets the Minimum Required Strength.
% Actual Pile Dia. (ft): 2.00
N Actual Pile Top Elev. (ft, NGVD): 141.00
G Overburden Length (above Plan Top) (ft): n/a Type of PUMP COUNT input = 'INCREMENTAL': I GROUT VOLUMES
Actual Pile Length (below Pile Top)(ft): | 60.00 | DEPTH (ft) SEGMENT | SOIL | GROUT PUMP COUNT INCREMENTAL ACCRUED
Actual Tip Elev. (ft, NGVD): 81.00 Below Top of EL Cond. | Pressure INCR. | ACCRUED | Theor. Actual Actual
Plant No.: 1 or 2 Concr. Trucks:l 2 | E{ Top - Segment | (ft, NGVD) | S,M,orH (psi) (Per5ft) (SUM) (cu ft) (cu ft) % Theor. (cu ft)
T2 Start Depth (ft): 2nd Truck 1st Truck | 0 (Pile TOP ) 141.00 Soil Cond.: Start input at Pile TOP, Grout Pump Count: start input at Pile BOTTOM.
Delivery Ticket No.: 41401211 41401209 L 5 - 0 136.00 185 33 324 15.71 25.93 165% 254.57
Batch (time): 11:16 AM 10:40 AM L 10 - 5 131.00 185 29 291 15.71 2279 145% 228.64
Arrive (time): 11:52 AM 11:20 AM I 15 - 10 126.00 185 23 262 15.71 18.07 115% 205.86
Flow Cone Test (sec): 15 15 g 20 - 15 121.00 185 24 239 15.71 18.86 120% 187.79
G Grout Temp. (°F): 25 - 20 116.00 185 23 215 15.71 18.07 115% 168.93
g Grout Cylinders LOT (ID): Sample 8 & 30 - 25 111.00 185 24 192 15.71 18.86 120 % 150.86
u Placement START (time): 12:47 PM 12:43 PM 35 - 30 106.00 185 23 168 15.71 18.07 115% 132.00
T Starting Pressure (psi): 185 185 S 40 - 35 101.00 185 23 145 15.71 18.07 115% 113.93
Actual Initial Pump Count (strokes): 22 0 45 - 40 96.00 185 23 122 15.71 18.07 115% 95.86
Auger Depth @ Grout Return (ft): 5.0 U 50 - 45 91.00 185 23 99 15.71 18.07 115% 77.79
Truck Empty (time): 12:47 PM T 55 - 50 86.00 185 24 76 15.71 18.86 120% 59.71
Placement FINISH (time): 12:50 PM 12:47 PM | 60 - 55 81.00 185 52 52 15.71 40.86 260% 40.86
Placement TIME (min.): 3 4 g
Mixer TIME (min.): 127
s Reinf. Condition Satisfactory? (Y or N): Y T
'E" Reinf. Placement START (time): 12:22 PM A
g Reinf. Placement FINISH (time): 12:35 PM B
L Reinf. Comments: | 3" Centerbar E
T Check GROUT STRENGTH TESTING Results
E Does the Grout Meet the 2nd Truck 1st Truck
S Minimum Required Stength? (Y
T orN): 5800 Pile BOTTOM @ depth = 60 ft 324 188.50 135 % 254.57
Comments: Total Pump Strokes Total Theor. Vol. (cf) Actual/Theor. (%) Actual (cf)
—— Actual Curve
Auger Cast Pile - Grout Curves e Theoretical Curve
70
GROUT VOLUME PLACEMENT RESULTS
VOLUMES (cu ft) % THEORETICAL ACCEPTANCE 60
SESMENT " Actual | Theor. | OGF [ % Theor. weover | M0% [ o | 20 +
Placed | Vol. % | ActuallTheor Placed =~ /
TOP 5-ft 2593 | 1571 | 105 165 % 60% | 165% | Pass | | 540 e ==
BELOW 5-ft | 22864 | 172.79 | 115 | 132% 17% | 115% | Pass § %
Total Pile 25457 | 188.50 | 114 135 % Pile Pass/Fail: Pass § /
£20
FINAL ACEPTANCE | Pile Not Yet Accepted a 0 - /
Accepted or Rejected ? (input "A" or "R"):
Pile Acceped or Rejected (date): 0 #=
0 50 100 150 200 250 300

Comments:

Grout Volume (cu ft)
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Florida Department of Transportation Pile Number / ID: 700-011-03
Auger Cast-In-Place Pile Installation Record L2 Construction
Worksheet 01/16
PROJECT: Comments: Page: 1
FP ID Number: 86 166 24" Lateral Test Pile Number / ID: L2
Project Descr.: DFI Research Project Pile Location: Okahumpka FL
Contractor: DFI ACIP Pile Committee Installation Date: 10/27/16
Structure No./ID: Test Area Inspector (s): Clay Davis
THEORETICAL: calculated OGF Vol. & Strokes THEOR.
Segment / Incr. OGF VOL. | PUMP 100% Vol. Segment Length (ft): 5.00 PUMP CALIBRATION
Length (ft) (%) (cuft) |STROKES (cu ft) ol Reduced OGF (Top 5 ft Segment only): 1.05 VOLUME of Container (cu ft): 6.15
1 ft INCREMENT: 3.61 5 3.14 O| Overgrout Factor OGF (Below 5 ft depth): 1.15 STROKES to Fill Cont. (strokes): 8
115 3| Min. Req'd Grout Head (ft): 5.00 PUMP CAL (cu ft/stroke): 0.77
5ft *SEGMENT(s): 18.06 24 15.71 i Theor. Initial Pump Count (strokes): 21
5 ft Top SEGMENT: 105 16.49 22 15.71 Pressure Gage Location (descr.):
PILE Vol. & Stroke TOTALS: 142.94 186 125.66 Grout Design Strength (psi): 6000 Design Capacity:l 30 tons
*Qtyof (7) full 115%-OGF, 5-ft segments, in this 40-ft pile [ below the top (1) 5-ft Reduced OGF segment |
INSTALLATION DATA Actual Pile Length (ft) & Segment Length (ft) input complete.
b Plan Top Elev. (ft, NGVD): 141.00 Table rows for the Pile & Segment Lengths input complete.
L PlanLength (ft): 40.00 Table input of the table PUMP COUNT data, for the bottom/1st lift is complete.
ﬁ Plan Tip Elev. (ft, NGVD): 101.00 E Actual Pile Diameter = Plan Pile Diameter, meets 455 spec.
Plan Dia. (ft): 2.00 g |Flow Cone Test, FAILED (Consistency < 21 sec)
GSE (ft, NGVD): 140.00 D [Note: ACTUAL initial pump count OK, >or = THEORETICAL (Min. Req'd Grout Head)
Drilling START (time): 11:40 AM B |Actual Grout volume placed is OK. All incr. segments are > or = the min. Theoretical OGF volume req'd.
p Auger Rate (rpf): é Grout Return > or = the 'Min. Req'd Grout Head' ( 5 ft ) input above.
'? Drilling FINISH (time): 11:45 AM K Reinforcement Placement Time, -705 min, meets 455 spec limit ( < or = 30 min ).
L Driling TIME (min.): 5 Grout meets the Minimum required Strength.
% Actual Pile Dia. (ft): 2.00
N Actual Pile Top Elev. (ft, NGVD): 141.00
G Overburden Length (above Plan Top) (ft): n/a Type of PUMP COUNT input = 'INCREMENTAL': I GROUT VOLUMES
Actual Pile Length (below Pile Top)(ft): | 40.00 | DEPTH (ft) SEGMENT | SOIL | GROUT PUMP COUNT INCREMENTAL ACCRUED
Actual Tip Elev. (ft, NGVD): 101.00 Below Top of EL Cond. | Pressure INCR. | ACCRUED | Theor. Actual Actual
Plant No.: | 1 or 2 Concr. Trucks:l 1 | E{ Top Segment | (ft, NGVD) | S,M,orH (psi) (Per5ft) (SUM) (cu ft) (cu ft) % Theor. (cu ft)
1st Truck | 0 (Pile TOP ) 141.00 Soil Cond.: Start input at Pile TOP, Grout Pump Count: start input at Pile BOTTOM.
Delivery Ticket No.: | | 41401206 L 5 - 0 136.00 185 32 232 15.71 2460 157 % 178.35
Batch (time): 9:48 AM L 10 - 5 131.00 185 32 200 15.71 2460 157 % 1583.75
Arrive (time): 10:11 AM I 15 10 126.00 185 27 168 15.71 20.76 132% 129.15
Flow Cone Test (sec): 17 g 20 15 121.00 185 25 141 15.71 19.22 122 % 108.39
G Grout Temp. (°F): 25 20 116.00 185 24 116 15.71 1845 117 % 89.18
g Grout Cylinders LOT (ID): Sample 6 & 30 25 111.00 185 24 92 15.71 1845 117% 70.73
u Placement START (time): 11:45 AM 35 30 106.00 185 24 68 15.71 18.45 117 % 52.28
T Starting Pressure (psi): 185 G 40 35 101.00 185 44 44 15.71 33.83 215% 33.83
Actual Initial Pump Count (strokes): 22 2
Auger Depth @ Grout Return (ft): 5.0 u
Truck Empty (time): T
Placement FINISH (time): 11:50 AM |
Placement TIME (min.): 5 g
Mixer TIME (min.):
s Reinf. Condition Satisfactory? (Y or N): Y T
'E" Reinf. Placement START (time): 11:50 AM A
g Reinf. Placement FINISH (time): 12:05 AM B
L Reinf. Comments: | #11 Centerbar - 12x#8 Cage x 35 ft E
T Check GROUT STRENGTH TESTING Results
E Does the Grout Meet the 1st Truck
S Minimum Required Stength? (Y
T orN): 6220 Pile BOTTOM @ depth = 40 ft 232 125.66 142 % 178.35
Comments: Total Pump Strokes Total Theor. Vol. (cf) Actual/Theor. (%) Actual (cf)
—— Actual Curve
Auger Cast Pile - Grout Curves e Theoretical Curve
45
GROUT VOLUME PLACEMENT RESULTS 40
VOLUMES (cu ft) % THEORETICAL ACCEPTANCE
SESMENT " Actual | Theor. | OGF [ % Theor. Min. % _®
: % Over P/F E 30
Placed Vol. % | Actual/Theor Placed
TOP 54t | 2460 | 1571 | 105 | 157% | 52% | 157% | Pass | | 25
BELOW 5t | 15375 | 109.96 | 115 | 140% | 25% | 117% | Pass § 20 E
Total Pile 178.35 | 125.66 | 114 142 % Pile Pass/Fail: Pass § 15
2
FINAL ACEPTANCE | Pile Not Yet Accepted g1 -
Accepted or Rejected ? (input "A" or "R"): 5
Pile Acceped or Rejected (date): 0 #=
LS 0 20 40 60 80 100 120 140 160 180 200
] 04 Grout Volume (cu ft)




Florida Department of Transportation Pile Number / ID: 700-011-03

Auger Cast-In-Place Pile Installation Record L1 Construction
Worksheet 01/16
PROJECT: Comments: Page: 1
FP ID Number: 86 166 18" Lateral Test Pile Number / ID: L1
Project Descr.: DFI Research Project Pile Location: Okahumpka FL
Contractor: DFI ACIP Pile Committee Installation Date: 10/27/16
Structure No./ID: Test Area Inspector (s): Clay Davis
THEORETICAL: calculated OGF Vol. & Strokes THEOR.
Segment / Incr. OGF VOL. | PUMP 100% Vol. Segment Length (ft): 5.00 PUMP CALIBRATION
Length (ft) (%) (cuft) |STROKES (cu ft) ol Reduced OGF (Top 5 ft Segment only): 1.05 VOLUME of Container (cu ft): 5.50
1 ft INCREMENT: 2.03 3 1.77 O| Overgrout Factor OGF (Below 5 ft depth): 1.15 STROKES to Fill Cont. (strokes): 7
115 3| Min. Req'd Grout Head (ft): 5.00 PUMP CAL (cu ft/stroke): 0.79
5ft *SEGMENT(s): 10.16 13 8.84 i Theor. Initial Pump Count (strokes): 12
5 ft Top SEGMENT: 105 9.28 12 8.84 Pressure Gage Location (descr.):
PILE Vol. & Stroke TOTALS: 80.41 103 70.69 Grout Design Strength (psi): 6000 Design Capacity:l 15 tons
*Qtyof (7) full 115%-OGF, 5-ft segments, in this 40-ft pile [ below the top (1) 5-ft Reduced OGF segment |
INSTALLATION DATA Actual Pile Length (ft) & Segment Length (ft) input complete.
b Plan Top Elev. (ft, NGVD): 141.00 Table rows for the Pile & Segment Lengths input complete.
L PlanLength (ft): 40.00 Table input of the table PUMP COUNT data, for the bottom/1st lift is complete.
ﬁ Plan Tip Elev. (ft, NGVD): 101.00 E Actual Pile Diameter = Plan Pile Diameter, meets 455 spec.
Plan Dia. (ft): 1.50 g |Flow Cone Test, FAILED (Consistency < 21 sec)
GSE (ft, NGVD): 140.00 D [Note: ACTUAL initial pump count OK, >or = THEORETICAL (Min. Req'd Grout Head)
Drilling START (time): 9:20 AM B |Actual Grout volume placed is OK. All incr. segments are > or = the min. Theoretical OGF volume req'd.
p Auger Rate (rpf): é Grout Return > or = the 'Min. Req'd Grout Head' ( 5 ft ) input above.
'? Drilling FINISH (time): 9:26 AM K Reinforcement Placement Time, 7 min, meets 455 spec limit ( < or = 30 min ).
L Driling TIME (min.): 6 Grout meets the Minimum required Strength.
% Actual Pile Dia. (ft): 1.50
N Actual Pile Top Elev. (ft, NGVD): 141.00
G Overburden Length (above Plan Top) (ft): n/a Type of PUMP COUNT input = 'INCREMENTAL': I GROUT VOLUMES
Actual Pile Length (below Pile Top)(ft): | 40.00 | DEPTH (ft) SEGMENT | SOIL | GROUT PUMP COUNT INCREMENTAL ACCRUED
Actual Tip Elev. (ft, NGVD): 101.00 Below Top of EL Cond. | Pressure INCR. | ACCRUED | Theor. Actual Actual
Plant No.: | 1 or 2 Concr. Trucks:l 1 | E{ Top - Segment | (ft, NGVD) | S,M,orH (psi) (Per5ft) (SUM) (cu ft) (cu ft) % Theor. (cu ft)
1st Truck | 0 (Pile TOP ) 141.00 Soil Cond.: Start input at Pile TOP, Grout Pump Count: start input at Pile BOTTOM.
Delivery Ticket No.: | | [ 41401201 L| 5 - 0 13600 185 13 123 884 1021 116% 96.64
Batch (time): 8:20 AM L 10 - 5 131.00 185 14 110 8.84 11.00 124% 86.43
Arrive (time): 8:43 AM I 15 - 10 126.00 185 14 96 8.84 11.00 124% 75.43
Flow Cone Test (sec): 18 g 20 - 15 121.00 185 14 82 8.84 11.00 124 % 64.43
G Grout Temp. (°F): 25 - 20 116.00 185 14 68 8.84 11.00 124 % 53.43
g Grout Cylinders LOT (ID): Sample 3 & 30 - 25 111.00 185 14 54 8.84 11.00 124% 4243
u Placement START (time): 9:26 AM 35 - 30 106.00 185 14 40 8.84 11.00 124% 31.43
T Starting Pressure (psi): 185 G 40 - 35 101.00 185 26 26 8.84 20.43 231% 20.43
Actual Initial Pump Count (strokes): 13 2
Auger Depth @ Grout Return (ft): 8.0 u
Truck Empty (time): T
Placement FINISH (time): 9:29 AM |
Placement TIME (min.): 3 g
Mixer TIME (min.):
s Reinf. Condition Satisfactory? (Y or N): Y T
'E" Reinf. Placement START (time): 9:29 AM A
g Reinf. Placement FINISH (time): 9:36 AM B
L Reinf. Comments: | #11 Centerbar - 8x#8 Cage x 35 ft E
T Check GROUT STRENGTH TESTING Results
E Does the Grout Meet the 1st Truck
S Minimum Required Stength? (Y
T orN): 6750 Pile BOTTOM @ depth = 40 ft 123 70.69 137 % 96.64
Comments: Total Pump Strokes Total Theor. Vol. (cf) Actual/Theor. (%) Actual (cf)
—— Actual Curve
Auger Cast Pile - Grout Curves e Theoretical Curve
45
GROUT VOLUME PLACEMENT RESULTS 40
VOLUMES (cu ft) % THEORETICAL ACCEPTANCE
SESMENT " Actual | Theor. | OGF [ % Theor. Min. % _®
: % Over P/F E 30
Placed Vol. % | Actual/Theor Placed
TOP 54t | 1021 | 884 | 105 | 116% | 11% | 116% | Pass | 925
BELOW 5-ft 86.43 61.85 115 140 % 25% 124% | Pass § 20
Total Pile 96.64 70.69 114 137 % Pile Pass/Fail: Pass § 15
2
FINAL ACEPTANCE | Pile Not Yet Accepted g
Accepted or Rejected ? (input "A" or "R"): 5
Pile Acceped or Rejected (date): 0
LS 0 20 40 60 80 100 120
]05 Grout Volume (cu ft)




Florida Department of Transportation Pile Number / ID: 700-011-03
Auger Cast-In-Place Pile Installation Record E1 Construction
Worksheet 01/16
PROJECT: Comments: Page: 1
FP ID Number: 86 166 Extraction Pile Pile Number / ID: E1
Project Descr.: DFI Research Project Pile Location: Okahumpka FL
Contractor: DFI ACIP Pile Committee Installation Date: 10/27/16
Structure No./ID: Test Area Inspector (s): Clay Davis
THEORETICAL: calculated OGF Vol. & Strokes THEOR.
Segment / Incr. OGF VOL. | PUMP 100% Vol. Segment Length (ft): 5.00 PUMP CALIBRATION
Length (ft) (%) (cuft) |STROKES (cu ft) ol Reduced OGF (Top 5 ft Segment only): 1.05 VOLUME of Container (cu ft): 5.50
1 ft INCREMENT: 2.03 3 1.77 O| Overgrout Factor OGF (Below 5 ft depth): 1.15 STROKES to Fill Cont. (strokes): 7
115 3| Min. Req'd Grout Head (ft): 5.00 PUMP CAL (cu ft/stroke): 0.79
5ft *SEGMENT(s): 10.16 13 8.84 i Theor. Initial Pump Count (strokes): 12
5 ft Top SEGMENT: 105 9.28 12 8.84 Pressure Gage Location (descr.):
PILE Vol. & Stroke TOTALS: 80.41 103 70.69 Grout Design Strength (psi): 6000 Design Capacity:l
*Qtyof (7) full 115%-OGF, 5-ft segments, in this 40-ft pile [ below the top (1) 5-ft Reduced OGF segment |
INSTALLATION DATA Actual Pile Length (ft) & Segment Length (ft) input complete.
b Plan Top Elev. (ft, NGVD): 141.00 Table rows for the Pile & Segment Lengths input complete.
L PlanLength (ft): 40.00 Table input of the table PUMP COUNT data, for the bottom/1st lift is complete.
ﬁ Plan Tip Elev. (ft, NGVD): 101.00 E Actual Pile Diameter = Plan Pile Diameter, meets 455 spec.
Plan Dia. (ft): 1.50 g |Flow Cone Test, FAILED (Consistency < 21 sec)
GSE (ft, NGVD): 140.00 D [Note: ACTUAL initial pump count OK, >or = THEORETICAL (Min. Req'd Grout Head)
Drilling START (time): 9:00 AM B |Actual Grout volume placed is OK. All incr. segments are > or = the min. Theoretical OGF volume req'd.
p Auger Rate (rpf): é Grout Return > or = the 'Min. Req'd Grout Head' ( 5 ft ) input above.
'? Drilling FINISH (time): 9:04 AM K Reinforcement Placement Time, 7 min, meets 455 spec limit ( < or = 30 min ).
L Driling TIME (min.): 4 Follow-up to verify the Grout meets the Minimum Required Strength.
% Actual Pile Dia. (ft): 1.50
N Actual Pile Top Elev. (ft, NGVD): 141.00
G Overburden Length (above Plan Top) (ft): n/a Type of PUMP COUNT input = 'INCREMENTAL': I GROUT VOLUMES
Actual Pile Length (below Pile Top)(ft): | 40.00 | DEPTH (ft) SEGMENT | SOIL | GROUT PUMP COUNT INCREMENTAL ACCRUED
Actual Tip Elev. (ft, NGVD): 101.00 Below Top of Cond. | Pressure INCR. | ACCRUED | Theor. Actual Actual
Plant No.: 1 or 2 Concr. Trucks:l 2 | E{ Top Segment | (ft, NGVD) | S,M,orH (psi) (Per5ft) (SUM) (cu ft) (cu ft) % Theor. (cu ft)
T2 Start Depth (ft): 2nd Truck 1st Truck | 0 (Pile TOP ) 141.00 Soil Cond.: Start input at Pile TOP, Grout Pump Count: start input at Pile BOTTOM.
Delivery Ticket No.: 41401201 41401199 L 5 0 136.00 185 16 138 8.84 1257 142% 108.43
Batch (time): 8:20 AM 8:00 AM L 10 5 131.00 185 16 122 8.84 1257 142% 95.86
Arrive (time): 8:43 AM 8:25 AM I 15 10 126.00 185 18 106 8.84 14.14 160% 83.29
Flow Cone Test (sec): 18 15 g 20 15 121.00 185 14 88 8.84 11.00 124 % 69.14
G Grout Temp. (°F): 25 20 116.00 185 17 74 8.84 13.36 151 % 58.14
g Grout Cylinders LOT (ID): Sample 2 & 30 25 111.00 185 14 57 8.84 11.00 124 % 44.79
u Placement START (time): 9:06 AM 9:04 AM 35 30 106.00 185 14 43 8.84 11.00 124% 33.79
T Starting Pressure (psi): 185 185 G 40 35 101.00 185 29 29 8.84 2279 258 % 22.79
Actual Initial Pump Count (strokes): 13 2
Auger Depth @ Grout Return (ft): 13.0 u
Truck Empty (time): 9:06 AM T
Placement FINISH (time): 9:07 AM 9:06 AM |
Placement TIME (min.): 1 2 g
Mixer TIME (min.): 66
s Reinf. Condition Satisfactory? (Y or N): Y T
'E" Reinf. Placement START (time): 9:07 AM A
g Reinf. Placement FINISH (time): 9:14 AM B
L Reinf. Comments: | 3" Centerbar E
T Check GROUT STRENGTH TESTING Results
E Does the Grout Meet the 2nd Truck 1st Truck
S Minimum Required Stength? (Y
T orN): 6430 Pile BOTTOM @ depth = 40 ft 138 70.69 153 % 108.43
Comments: Total Pump Strokes Total Theor. Vol. (cf) Actual/Theor. (%) Actual (cf)
—— Actual Curve
Auger Cast Pile - Grout Curves e Theoretical Curve
45
GROUT VOLUME PLACEMENT RESULTS 40
VOLUMES (cu ft) % THEORETICAL ACCEPTANCE
SESMENT " Actual | Theor. | OGF [ % Theor. Min. % _®
: % Over P/F E 30
Placed Vol. % | Actual/Theor Placed
TOP 54t | 1257 | 884 | 105 | 142% | 87% | 142% | Pass | 925
BELOW 5-ft 95.86 61.85 115 155 % 40 % 124% | Pass § 20
Total Pile 108.43 | 70.69 114 153 % Pile Pass/Fail: Pass § 15
2
FINAL ACEPTANCE | Pile Not Yet Accepted g
Accepted or Rejected ? (input "A" or "R"): 5
Pile Acceped or Rejected (date): 0 #
G 0 20 40 60 80 100 120
] 06 Grout Volume (cu ft)
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Penetration Rate [ft'min]

KOk Pressure [bar]
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Fotation [RFM]
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Job Site Data: Data for Pile No: ¢1
Project: 2016 Research Project Date: 10/27/2016 Pile Length: 60.6 ft
Start Time: 9:44:45 AM Pile Diameter: 18in
Location: Okahumpka FL End Time: 10:00:26 AM Theoretical Volume: 107.1 ft?
Machine No.: APG Total Time: 00:15:41
Client: DFI ACIP Pile Committee Drilling Time: 00:06:58 Volume of Grout: 141.9 ft
Project No.: 86 166 Grouting Time: 00:04:00 Grout Factor: 133 %
Parameter vs. Time
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Job Site Data:

Data for Pile No:

C2

Penetration Rate [ft'min]

KOk Pressure [bar

Flaw [aftimin]

Project: 2016 Research Project Date: 10/27/2016 Pile Length: 60.6 ft
Start Time: 12:06:10 PM Pile Diameter: 24 in
Location: Okahumpka FL End Time: 12:20:53 PM Theoretical Volume: 1904 ft?
Machine No.: APG Total Time: 00:14:43
Client: DFI ACIP Pile Committee Drilling Time: 00:06:33 Volume of Grout: 2724 ft
Project No.: 86 166 Grouting Time: 00:07:23 Grout Factor: 143 %
Parameter vs. Time
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Job Site Data: Data for Pile No: T1
Project: 2016 Research Project Date: 10/27/2016 Pile Length: 60.6 ft
Start Time: 10:19:40 AM Pile Diameter: 18in
Location: Okahumpka FL End Time: 10:33:29 AM Theoretical Volume: 107.1 ft?
Machine No.: APG Total Time: 00:13:49 )
Client: DFI ACIP Pile Committee Drilling Time: 00:08:30 Volume of Grout: 150.7 ft
Project No.: 86 166 Grouting Time: 00:04:08 Grout Factor: 141 %
Parameter vs. Time
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Job Site Data: Data for Pile No: T2
Project: 2016 Research Project Date: 10/27/2016 Pile Length: 60.6 ft
Start Time: 12:34:56 PM Pile Diameter: 24 in
Location: Okahumpka FL End Time: 12:52:44 PM Theoretical Volume: 190.5 ft?
Machine No.: APG Total Time: 00:17.48
Client: DFI ACIP Pile Committee Drilling Time: 00:08:15 Volume of Grout: 257.3 ft*
Project No.: 86 166 Grouting Time: 00:06:59 Grout Factor: 135 %
Parameter vs. Time
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Job Site Data: Data for Pile No: |1
Project: 2016 Research Project Date: 10/27/2016 Pile Length: 406 ft
Start Time: 9:20:44 AM Pile Diameter: 18in
Location: Okahumpka FL End Time: 9:33:50 AM Theoretical VVolume: 71.7 ft?
Machine No.: APG Total Time: 00:13:06 )
Client: DFI ACIP Pile Committee Drilling Time: 00:05:53 Volume of Grout: 95.6 ft°
Project No.: 86 166 Grouting Time: 00:03:04 Grout Factor: 133 %
Parameter vs. Time
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Job Site Data: Data for Pile No: L2
Project: 2016 Research Project Date: 10/27/2016 Pile Length: 406 ft
Start Time: 11:39:31 AM Pile Diameter: 24 in
Location: Okahumpka FL End Time: 11:50:52 AM Theoretical Volume: 127.5 i
Machine No.: APG Total Time: 00:11:21
Client: DFI ACIP Pile Committee Drilling Time: 00:05:32 Volume of Grout: 178.3 ft
Project No.: 86 166 Grouting Time: 00:04:50 Grout Factor: 140 %
Parameter vs. Time
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Job Site Data: Data for Pile No: e1
Project: 2016 Research Project Date: 10/27/2016 Pile Length: 406 ft
Start Time: 9:00:14 AM Pile Diameter: 18in
Location: Okahumpka FL End Time: 9:08:45 AM Theoretical VVolume: 71.7 ft?
Machine No.: APG Total Time: 00:08:31
Client: DFI ACIP Pile Committee Drilling Time: 00:04:25 Volume of Grout: 109.2 ft
Project No.: 86 166 Grouting Time: 00:03:26 Grout Factor: 152 %
Parameter vs. Time
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Appendix F

Computed Radius Profiles from Automated Monitoring Equipment (AME) Data, Manual Grout
Logs, and TIP Data
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Figure F.1 Pile C1 Computed Radius from AME Data, Manual Grout Log, and TIP Data.
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Figure F.2 Pile C2 Computed Radius from AME Data, Manual Grout Log, and TIP Data.
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Figure F.3 Pile L1 Computed Radius from AME Data, Manual Grout Log, and TIP Data.
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Figure F.4 Pile L2 Computed Radius from AME Data, Manual Grout Log, and TIP Data.
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Figure F.5 Pile T1 Computed Radius from AME Data, Manual Grout Log, and TIP Data.
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Figure F.6 Pile T2 Computed Radius from AME Data, Manual Grout Log, and TIP Data.
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Figure F.7 Pile E1 Computed Radius from AME Data, Manual Grout Log, and TIP Data.
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